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PREFACE 


These notes arc intended for the use of factory chemists 
and others who may desire a short reference book on com- 
mercial organic products. The subject-matter has been 
compiled from various sources and purposely condensed to 
render it the more accessible. Reference is made to well- 
known authorities throughout the text. Only those 
methods and tests which seemed reliable in the hands of 
the writer have been selected, limiting the descriptions to 
the salient features in each case. 


Niew York, Aug. is, iQiJ- 


F. S. H. 
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VARIOUS SOLVENTS AND FLUIDS 

Methylal, or Formal. CH2(0. €113)2. Metliylene- 
dimethyl-ether. Produced by the oxidation of methyl 
alcohol with manganese dioxide and sulphuric acid. A 
volatile liquid with ethereal odor, boiling at 42° C., sp. gr. 
0.855 15^ C. Miscible with alcoholj ether, and water. 

Possesses hypnotic and anaesthetic properties, and has 
a limited use as a solvent or medium for extracting fine 
perfumes. 

Formaldehyde. H.CIiO, or CH2O, A well-known dis- 
infectant, germicide, antiseptic, and reducing agent. Used 
in the gaseous form or in aqueous solution. Very volatile. 
“Formalin” is a 30 to 40 per cent solution of formaldehyde 
gas in water, with a specific gravity of from 1.080 to 1.088. 
Formaldehyde may be prepared by passing the vapors of 
methyl alcohol over a glowing platinum or copper spiral; 
or by the distillation of calcium formate; or by adding 
water to a mixture of methylal and suljfiiuric acid and dis- 
tilling the same, whcrcl:)y aqueous formaldehyde is pro- 
duced. The gas has a pungent odor and is miscible with 
water in all ])roportions. Incom])atible witli ammonia and 
bi-sulphites, as well as solutions of silver, c()|)])er, and 
iron. It may be recognized by the reddish-violet color 
formed when overlaid with a suljdiuric acid-ferric chloride 
solution, or by the blood-red tint when heated with a little 
salicylic acid in sul])huric acid, or by the “silver mirror” 
formed when heated with ammoniacal-silver nitrate. A 
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I to 2 per cent solution is quite effective and has no de- 
leterious action on animal tissues. 

Uses : — It has been employed as a preservative to prevent 
putrefaction, as with casein. Has a tendency to harden 
proteid matter and render it impervious to moisture. Used 
for preserving and hardening anatomical specimens and 
in surgery .for general antisepsis. For disinfecting rooms, 
books, utensils, etc., a special lamp is employed to pi'oduce 
the vapors. Also used as a chemical reagent. Commer- 
cially known under the name of “formalin,” a 35 to 40 
per cent aqueous solution. 

Formaldehyde and Formate Tests 

Silver-reduction Test: — (a) Dissolve i part silver nitrate 
in 10 parts of concentrated ammonium hydrate (sp. gr. 
0.923). (&) Prepare a 10 per cent solution of caustic potash 
or soda. In an absolutely clean test-tube (previously 
cleaned with hot caustic-potash solution) mix i c.c. each of 
(a) and (b). Shake and allow a few drops of formaldehyde 
or formate solution to flow slowly down sides of tube into 
the reagent. Shake and let stand cold 5 minutes. A dark 
precipitate or “silver mirror” indicates a formate of formal- 
dehyde. Caution! If the ammonia-silver-potash reagent 
is mixed in advance, it must be kept cool, otherwise an 
explosive precipitate may occur on standing. Similar 
results may be obtained by using 10 c.c. of a silver nitrate 
solution (about 0.5 gram per 100 c.c.), to which is added a 
sodium carbonate solution to precipitate AgaCOa, yellowi.sh 
white, and then adding one or two drops strong ammonia 
just sufficient to dissolve the AgaCOa on shaking. I'his 
solution is quite sensitive to formaldehyde. 

Resorcin Test : — Mix one drop i per cent aqueous resorcin 
solution with one c.c. dilute (0.2 per cent) aqueous formalde- 
hyde. Allow this mixture to flow gently down the side of 
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an inclined test-tube containing from 3 to 5 c.c. pure concen- 
trated sulphuric acid. Slowly rotate lower end of tube so 
as not to mix the layers. A red or rose-colored zone over- 
laying the acid indicates formaldehyde. 

Sodium-nilropnisside Test : — Use dilute aqueous solution 
of nitroprusside, slightly alkaline with caustic soda. 

Formaldehyde, dark amber tint. 

Acetaldehyde, red, becoming darker on standing. 

Acetone, claret red, fading slowly to orange. 

Quantitative Estimation {Romijn's Method): — Potassium 
cyanide reacts with formaldehyde to form an addition- 
product which does not affect silver nitrate in presence of 
nitric acid. Using a known amount of cyanide, any excess 
reacts with silver nitrate and may be titrated with N/io 
ammonium thiocyanate, using ferric ammonium sulphate 
as indicator, the difference representing cyanide taken up 
by formaldehyde. (For details, consult Sherman^s Organic 
Analysis.) 

Acetaldehyde. CH3CHO. Ethyl aldehyde. From the 
oxidation of ethyl alcohol. A mixture of 16 weights of 
dilute sulphuric acid (1:6) and 3 weights of absolute 
alcohol is allowed to drop slowly upon 2.8 weights of sodium 
l)ichromate, using a stop-cock funnel fitted to a large Husk 
which is also connected with a reflux condenser inclined 
upwards, so that only aldehyde vapors pass over, while the 
llask is gently warmed over a water-bath. On account of 
its great volatility, the aldehyde is collected in absorption 
tubes containing ammoniacal ether, whereby aldehyde- 
ammonia is slowly deposited as a crystalline compound. 
From the latter, the aldehyde may be liberated by distilling 
with dilute sul])huric acid and condensing the va])()rs with 
ice water.* It is a colorless liquid with pungent odor. 

Sec Remsen’s Or[>;anic cniemisLry, OiilWrmiinii’s Die Praxis tics 
orgaiiischcn Clicmikcrs, and Richter’s Organic Chemistry, 
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Sp. gr. 0.790 at 15° C. B. P. 20.8° C. Invariably found in 
commercial alcohol, and its presence in alcoholic-potash 
solutions is denoted by the yellow or brown color pro- 
duced on standing some time, due to the formation of an 
“aldehyde-resin’’ together with an alkaline formate and 
acetate. 

Aldehyde may be removed from alcohol by shaking with 
a little powdered potassium permanganate and allowing to 
stand for a while, whereby brown manganese hydrate 
settles out. A little precipitated chalk is then added to 
the liquid and the alcohol slowly distilled, rejecting the 
first portions of the distillate until they no longer produce 
a yellow color when heated with caustic potash. 

Acetaldehyde readily reduces Fehling’s solution and pre- 
cipitates ammoniacal-silver nitrate with formation of a 
“mirror.” It also yields crystalline compounds with bi- 
sulphites. 

Uses : — For the preparation of paraldehyde cmifioycd in 
medicine. 

FurfuroL C4H3O.CHO. An aldehyde produced by dis- 
tiUing wheat bran, sugar, starch, or other carbohydrates 
with dilute sulphuric or hydrochloric acid. It may be 
separated from the distillate by “salting out” with common 
salt and repeating the distillation.* The hexoscs (as 
sucrose, starch, dextrose, levulose, etc.) yield considcral3le 
levulinic acid and little furfurol, while the pentoses (as 
xylose and arabinose) yield no levulinic acid and mucli 
furfurolt The pentosans, or pentose anhydrides (sucli as 
araban in cherry gum and gum arabic and xylan in wheat 
bran and various cereals) also yield considerable furfurol 
as compared with sucrose and starch. It is also a con- 
stituent of crude distilled spirits and occurs in crude 

* Fownes’ Elementary Chemistry; Richter’s Organic Chemistry, 
t See Sherman’s Organic Analysis. 
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acetic acid and fusel oil * Furfiirol, when fresh, is a color- 
less aromatic fluid. B. P. 162° C. Sp. gr. 1.163 at 13° C. 
Darkens on exposure to air. Soluble in 12 parts water at 
13'^ C.; easily soluble in alcohol. Possesses all the prop- 
erties of aldehydes. 

I'est for Furfurol : — Boil a quantity of sugar in an Erleii- 
meyer flask with dilute hydrochloric acid (sp. gr. 1.06) 
and place over the mouth of the generating flask a strip of 
filter paper moistened with a solution of anilin acetate 
(made from equal volumes of 50 per cent acetic acid and 
anilin) . A bright red coloration should be produced by the 
escaping vapors. Furfurol also imparts a red color to 
sesame oil (Baudoin’s Test). 

Quantitative Estimation — Distil 3 grams of material 
with 100 c.c. 12 per cent HCl (sp. gr. 1.06) until 30 c.c. pass 
over, add more acid (30 c.c.) and continue distillation so 
long as the distillate gives red color with anilin acetate on 
filter paper. To entire distillate add phloroglucin (free from 
di-resorcin) dissolved in 12 per cent HCl; stir well. Color 
changes from yellow to green, soon followed with an amor- 
phous green precipitate turning almost black. Collect and 
wash phloroglucid on tared Gooch (asbestos felt) . Dry from 
3 to 4 hours at 100° C. to constant weight. For furfurol 
divide weight phloroglucid (up to 0.2 gram) by 1.82; (from 
0.2 to 0.3 gram) by 1.895; (horn 0.3 to 0.4 gram) by 1.92; 
and (above 0.4 gram) l)y 1.95. To the weight of furfurol 
found add a correction of 0.0104 gnim for solubility. 

Methyl Alcohol. ClhOH. Wood alcohol. Inflam- 
mable. B. P. from 55° C. to 65° C. S]). gr. about 0.8021 
at 15.5° C. When impure, it has an cmpyreumatic odor 
which is not ])rescnt in the ])urc. Combines with fused 

Comm. Orj>f. Anal. 

t Slierman’s Organic Analysis and Bull. No. 46, Bur. Clicm,, U. 8. 
Agric, Dep’t, 
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calcium chloride by which it may be purified. Miscible with 
water in all proportions. Its solvent action is similar to 
that of grain alcohol. 

Ethyl Alcohol. C2H6.OH. Grain or whiskey alcohol. 
Inflammable. B. P. 78^ C. Sp. gr. 0.7938 at 15.5° C. 
Solvent for resins, essential oils, soaps, phenol, camphor, 
glycerol, iodine, and many salts including metallic chlorides 
(except Ba), bromides, iodides, acetates, and caustic 
alkali. The carbonates (except Cs), borates, phosphates, 
sulphates, oxalates, and tartrates are insoluble in alcohol; 
sulphur and phosphorus are slightly soluble. Nitric and 
chloric acids act violently. Sulphuric, hydrochloric, acetic, 
and oxalic acids form “ethers.” 

Acetone, CH3.CO.CH3. Di-methyl-ketone. Inflam- 
mable, B. P. 56.3 C. Sp. gr. 0.797 at 15° C. Produced 
by dry distillation of calcium acetate. Solvent for fats, 
oils, resins, gums, camphor, and gun cotton. Miscible in 
all proportions with alcohol, ether, and water. Unites 
with bi-sulphites to form crystalline compounds. May be 
separated from methyl alcohol by calcium chloride which 
combines with methyl alcohol, using an excess of fused 
chloride to form the compound CaCl2.4 CPI3OH. Stable 
at 100° C. The acetone is removed by distilling on a 
water-bath, after which water is added to take up the 
CaCh and the distillation continued for methyl alcohol. 

Tests on Methyl and Ethyl Alcohols, Acetone, and 
Aldehyde 

Iodoform Test: — CHI3 is formed from ethyl alcohol, 
acetone, and acetaldehyde; but not from pure methyl 
alcohol nor from ethyl ether. The solution should contain 
only a small amount of alkali to insure success.* 

* For details consult Sherman’s Organic Analysis. 
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Lieben^s Method {best): — To lo c.c. clear liquid to be 
tested, or to the same quantity of lo per cent alcohol or 
acetone solution, add from 5 to 10 drops aqueous 10 per 
cent caustic potash. Warm to 50^ C., and slowly add a 
saturated solution of iodine in potassium iodide until a per- 
manent yellow-brown tint results with separation of iodo- 
form (CHI3). Then carefully decolorize by adding, drop by 
drop, more 10 per cent KOH, until the solution clears and 
canary yellow precipitate settles. 

CHs.CHs.OH + 4 12 + 6 KOH = HCOOK + CHI3 

Formate ^ ^ q. 5 

CH3.CO.CH3 + 3 I2 + 4 KOI-I = KC2H3O2 + CHI3 

Acetate ^ ^ ^ H2O. 

Dilute sodium-carbonate solution may be substituted 
for the caustic potash above but is not so effective. Pure 
methyl alcohol alone does not give the precipitate, but 
with acetone present iodoform is readily formed. 

N.B , — Iodoform is used as an antiseptic dressing in 
hospital and dispensary work. It has a strong persistent 
odor, is soluble in alcohol, insoluble in water, and volatile 
with steam. 

Bichromate Oxidation: — Dissolve i part potassium 
bichromate in 20 parts water, acidify with i part con- 
centrated sulphuric acid, cool the solution, and add alco- 
holic fluid (or /o volume of alcohol as such). The operation 
may be performed in a large test-tube. Let stand. 'Phe 
color becomes dark red, finally changing to green, with the 
formation of chrome alum, K2Cr2(^fh).i-24 lioO, in solution. 
Note pungent odor of aldehyde. By this means, methyl 
alcohol is oxidized first to formaldehyde, then formic acid; 
and ethyl alcohol to acetaldehyde and acetic acicl.'^' The 
reaction may be hastened hy heating, but liable to drive 
* Perkin’s Organic Chemistry, lyii, Part x, pp, 95, 99, 
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out acetaldehyde. Both formic acid and formate, as well 
as formaldehyde and acetaldehyde, reduce ammoniacal 
silver solution; not so, acetic acid nor acetate. Remove 
the chromium (when reduction is complete) by precipita- 
tion with slight excess of sodium-carbonate solution and 
boil out aldehyde, leaving formate in solution. Filter and 
reserve filtrate for tests. 

Chloroform. CHCI3. Tri-chlor-methane. Anaesthetic. 
Non-inflammable liquid — heavy vapors. Sp. gr. 1.5 at 
15° C. B. P. 61° C. Produced by the action of bleach- 
ing powder on alcohol or acetone, the latter cheaper and 
better; also from chloral hydrate and potash; and by 
reduction of carbon tetrachloride with zinc and hydro- 
chloric acid. Possesses an ethereal odor and sweet taste. 
Miscible in all proportions with alcohol, ether, benzol, and 
petrolic ether, but not with water. Solvent for fats, oils, 
resins, camphor, sulphur, phosphorus, iodine, the latter 
imparting a violet tint. Retards putrefaction and fermen- 
tation in certain liquids (notably urine). 

Carbon Tetrachloride. CCI4. Tetra-chlor-methanc. 
Non-inflammable, heavy, colorless liquid. Sp. gr. 1.6 at 
15"^ C. B. P. 77° C. Prepared by passing mixed vapors 
of carbon bi-sulpliide and chlorine through a red hot porce- 
lain tube, or by passing chlorine through carbon bi-sul- 
phide containing iodine. Its odor is rather aromatic. 
Immiscible with glycerine and water. Miscible with 
absolute alcohol, acetone, chloroform, ether, benzol, ben- 
zine, carbon bi-sulphide, sulphur chloride, turpentine, and 
oils. Solvent for fats, oils, resins, soaps (K and Na), 
rubber, asphalt, wax, camphor, tarry bodies, phosphorus, 
sulphur, iodine, bromine, chlorine, etc., as well as phenol, 
paraffin, naphthalene, and other bodies. It is a great 
cleansing agent, and on account of its fireproof qualities 
has been used as a substitute for benzine. In proper ad- 
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mixture it will render naphtha, gasoline, or turpentine 
non-inflammable at ordinary temperature. Useful in the 
manufacture of varnishes, rubber cements, and paint 
removers.” On evaporation, it should leave no odor or 
residue. Incompatible with hot alcoholic potash, forming 
water, chloride, and carbonate. 

Tests on Chloroeorm and Carbon Tetrachloride 

1. Each possesses a characteristic ethereal odor, and 
both are heavy liquids. 

2. Chloroform has a sweet taste; carbon tetrachloride, 
a flat, fugitive taste. 

3. Boiling-point of chloroform, 61° C.; boiling-point of 
carbon tetrachloride, 77® C. 

4. A piece of filter paper, soaked in chloroform and 
ignited, gives vapors of HCl and white fumes on exposure 
to ammonia on a glass rod. Likewise with carbon tetra- 
chloride; but the action is more marked and the paper 
more difficult to ignite. 

5. Chloroform reduces Fehling’s solution on boiling. 
Not so with carbon tetrachloride, the solution remaining 
clear blue. 

6. Caustic-potash solution (aqueous or alcoholic) and 
acetanilid, heated with few drops of chloroform, produce 
the fetid odor of phenyl-isocyanide (‘‘isonitril test”). Not 
so with carbon tetrachloride, the odor remaining unchanged. 

7. Equal parts of aqueous caustic potash, resorcin and 
chloroform, boiled in a test-tube, give a cherry-red color. 
Carbon tetrachloride may produce an olive color, especially 
if alcoholic potash be employed. 

8. Boil chloroform and aqueous caustic potash in a test- 
tube until solution is clear, whereby potassium formate 
and chloride are produced. (Alcoholic potash gives ethyl 
formate and KCl). Acidify slightly with nitric acid and 
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add a few drops silver-nitrate solution, which should give 
a white, curdy precipitate of silver chloride. With carbon 
tetrachloride the action is slow and not so pronounced, 
producing KCI, H2O, and CO2, the latter absorbed by 
caustic potash to form carbonate, but no formate. On 
acidifying with slight excess of nitric acid CO2 is liberated; 
and on adding silver-nitrate solution, a small precipitate 
of silver chloride is produced. 

Chloral. CCI3.CHO. Tri-chlor-aldehyde. Anhydrous 
chloral, as such, is a colorless, hmpid liquid with sharp 
odor. It is produced by passing chlorine into alcohol and 
distilling the crystalline product with sulphuric acid.* It 
boils at 97° C., and has a specific gravity of about 1.51 at 
15° C. But, mixed with the calculated amount of water, 
it forms chloral hydrate — CCl3.CH(OH)2 — a white crys- 
talline solid, melting at 57° C., easily soluble in water, and 
possessing a peculiar odor, sharp taste, and powerful hyp- 
notic properties. It distils at 98"^ C., breaking up into 
chloral and water. The hydrate liquefies when triturated 
with an equal quantity of camphor. 

Tests for Chloral: — Warmed with ammoniacal silver 
nitrate in a clean test-tube chloral forms a ‘‘mirror,” 
Heated with caustic potash it gives a chloroform odor and 
formate in solution, the latter on heating with H2SO4 evolv- 
ing CO free from CO2. Boiled with caustic potash and a 
pinch of resorcin it gives an intense red color. Mixed with 
a 5 per cent phenol solution and an equal volume of H2SO4, 
it gives a pink color. Boiled with strong caustic potash and a 
pinch of acetanilid or a drop of anilin it should produce a 
peculiar fetid isonitril odor. Reduces Fchling’s solution. 

Acrolein. CHgiCH-CHO. Acrylic aldehyde. Produced 
by distilling glycerine with potassium sulphate, and noticed 
in the pungent odor of burning fat. The vapor causes a 
* Perkin’s Organic Chemistry. 
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copious flow of tears. The fluid boils at 52° C. and has 
a specific gravity of about 0.84. It reduces Fehling’s 
solution as well as dilute silver nitrate, and forms a resinous 
body with caustic alkali. 

Ether. C2H6.O.C2H6. Sulphuric ether, or di-ethyloxide. 
Anaesthetic. A colorless liquid with a characteristic odor 
and boiling at 37° C. Specific gravity 0.725 at 15° C. 
Produced by distilling alcohol and sulphuric acid in proper 
proportions. Its vapors are heavy and very inflammable. 
Solvent for fats, oils, and resins, but not for sugars. It 
also dissolves iodine, bromine, phosphorus, sulphur, paraf- 
fine, and many alkaloids; likewise certain salts, as HgCb, 
FeCla, AuCla, and Hgla.* 

Miscible with alcohol, benzine, chloroform, and to some 
extent with water. If ether itself contains alcohol, its 
volume will diminish on shaking with water which extracts 
the alcohol. 

Petrolic Ether. Light petroleum distillate. (Gasoline.) 
Mostly pentane and hexane, C6H12 and CeH^. B. P. about 
50^^ C. Sp. gr. from 0.650 to 0.700. Inflammable and very 
volatile, with odor somewhat like onions and very pro- 
nounced. Solvent for certain fats and oils, especially the 
non-drying oils, mineral oils, sugar, resins, etc., with the 
exception that castor oil is insoluble. Oxidized drying oils 
as paint skin and linoxyn are insolul}lc. 

Ordinary K or Na soaps arc praclically insoluble in petrolic 
ether. Cold petrolic ether is immiscible with phenol, but 
dissolves bccchwood creosote. It is miscible with absolute 
alcohol, glacial acetic acid, and most solvents except water. 

Benzine. Petrolic benzine. Refined naphtha. Inflam- 
mable. A mixture of fatty hydrocarbons, principally hex- 
ane, Cr,Hi4, and heptane, C7H16. Sp. gr. from 0.68 to 0.72. 
B. P. from 70° C. to 90^ C. Must not be confounded with 
* Sec Allen, Vol. I, p. 124. 



12 


OILS AND SOLVENTS 


b-e-n-z-e-n-e, or benzol, a totally different liquid derived 
from coal tar. Similar to petrolic ether as solvent for oils 
and greases. Also used as a substitute for turpentine in 
paints, varnishes, and driers. 

Carbon Bi-sulphide. CS2. Inflammable liquid with dis- 
agreeable, rotten-egg odor. Colorless, when pure, and 
highly refractive to light. Prepared by passing vapors of 
sulphur over red-hot charcoal. Sp. gr. 1.29 at 0° C. B. P. 
46° C. Solvent for caoutchouc, phosphorus, sulphur, fatty 
oils, vaseline, bromine, and iodine, the latter imparting a 
violet-red color. It may be purified and its odor rendered 
more agreeable by treatment with bromine, subsequently 
removing the bromine with a slight excess of potash, then 
agitating with a little potassium chloride to destroy any opal- 
escence, and finally filtering the bi-sulphide.* Miscible with 
alcohol, ether, chloroform, and benzol, but not with water. 
Useful for extracting essential oils, spices, and perfumes. 
Commonly used for the preparation of rubber cement. 

Sulphur Chloride. S2CI2. Sulphur monochloride. 
Yellowish-red, oily, fuming liquid with pungent odor, and 
irritating to the eyes. Sp. gr. from 1.68 to 1.70 at 0° C. B. P. 
138° C. Prepared by passing dry chlorine over heated 
sulphur in a retort, allowing the compound to distil into a 
receiver. With water it disassociates into HCl, SO2, and S. 
Miscible with carbon tetradfloride, carbon bi-sulphide, ben- 
zine, benzol, etc. Specially used in the cold vulcanization 
of rubber, preparation of rubber substitutes, and tlie thick- 
ening of fish oil, corn oil, etc., as substitutes for linseed oil. 

Fusel Oil. From the alcoholic fermentation of corn, rye, 
potatoes, barley, etc. A mixture of higher alcohols, con- 
taining ethyl alcohol, isoamyl alcohol, isopropyl alcohol, 
aldehyde, etc. Chiefly used as a solvent for manufacturing 
purposes and as a source for amyl alcohol. 

* See Vulte and Ncustadt, Inorganic Preparations. 
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Amyl Al.cohoL Potato spirit. Isoamyl alcohol. 
(CH3)2.CH.CH2.CH2.0H. Present in fusel oil. Sp. gr. 
0.8148 at 14° C. B. P. 131° C. Obtained by mixing fusel 
oil with strong brine, separating the oily layer, distilling, 
and collecting the portion coming over between 128° C. 
and 132° C. Miscible in all proportions with alcohol, 
ether, chloroform, petrolic ether, benzol, etc. Soluble in 
water, i to 39 at 60° C.; but, 11.6 parts of amyl alcohol 
absorb i part of water. A few drops internally produce 
injurious intoxicating effects. Solvent for oils, camphor, 
resins, and alkaloids (such as morphine) ; also for sulphur, 
phosphorus, and iodine. Used in producing artificial fruit 
essences and perfumes. 

Amyl Acetate. Artificial banana oil. C6HH.O.C2H3O. 
Prepared by distilling amyl alcohol with sodium acetate 
and sulphuric acid. Colorless liquid with fragrant odor 
when pure. Sp. gr. 0.8763 at 15^ C. B. P. 137° C. In- 
soluble in water. Miscible in all proportions with alcohol, 
ether, and amyl alcohol. Solvent for gun cotton (pyrox- 
ylin) and various resins. Under the name of banana oil 
(known to painters), it is used for the preparation of 
lacquers, collodion varnishes, and bronzing liquids. Does 
not attack the bronze. 

Glacial Acetic Acid. CHjj.COOIi. Pure acetic acid. 
A clear liquid with sharp vinegar odor, crystallizing at a 
low temperature, and having a melting-point of 16.7° C. 
It takes u]) water with evolution of heat, contracting in 
volume until about 80 per cent strength is reached. 

Oudemann* has shown that 

100 per cent acetic acid has a specific gravity of 1.0553 ^5° 

90 per cent acetic acid has a S])eciric gravity of T.0713 at 15° C. 

70 ])er cent acetic acid has a specific gravity of 1.0733 at 15° C. 

40 per cent acetic acid has a sjiecific gravity of 1,0523 at 15° C. 

* Allen, Vol I, i8g8, p, 380. 
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Therefore, the specific gravity does not necessarily denote 
the strength of acid. The loo per cent acid has a boiling- 
point of ii8° C. The 99.5 per cent U. S. P. glacial acetic 
acid should have a specific gravity of about 1.058 at 15° C. 
and boiling-point of 117° C. Miscible with alcohol, ether, 
and water. Solvent for essential oils, phenols, resins, 
gelatine, castor oil, and rosin oil, but not for mineral or 
rape oils. Very stable — not affected by chromic or nitric 
acids or permanganates. With chlorine it fonns the chlor- 
acetic acid, Cl.CH2.COOH. Used in oil analysis to separate 
mineral from rosin oil and also for the Valenta turbidity 
test. 

Acetic Anhydride. (CH3C0)2.0. Acetyl oxide. Color- 
less liquid with penetrating pungent odor. Sp. gr. 1.08 at 
15° C. B. P. 137° C. Prepared by distilling anhydrous 
sodium acetate and acetyl chloride. Miscible with water, 
forming acetic acid. Immiscible with fatty and mineral 
oils. Solvent for rosin oil, resinous matter, and cholesterol. 
Used in the Liebermann-Storch test for rosin oil, also in the 
analysis of glycerine by the “Acetin Method,” and for the 
“Acetylization of Fats and Waxes.” 

Glycerine. C3H6.(OH)3. Propenyl hydrate. “ Glycerol.” 
A tri-atomic alcohol from the saponification of fats. Its 
constitutional formula is: 

H2 = C - OH 

I 

H - C - OH 

I 

Ha = C - OH 

Clear, viscous, non-odorous liquid possessing a sweet taste. 
It is volatile with steam. Sp. gr. (anhydrous) 1.265 ‘it 
15° C. At 290° C., B. P., it decomposes producing vapors 
of acrolein. It also absorbs moisture from the air. Mis- 
cible with alcohol and water. Insoluble in ether, chloro- 
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form, benzol, and fixed oils. Dissolves alkalies, alkaline 
earths, and many metallic oxides. Solvent for phenol, 
iodine, mercuric iodide, boric acid, arsenious oxide, and 
salts of copper. Treated with potassium bichromate and 
sulphuric acid, it is completely oxidized to carbon dioxide 
and water. Heated gently with solid caustic potash, it 
produces potassium acetate and formate. 

Separation of Glycerine from other Substances: — A mix- 


ture of 

Absolute alcohol 2 volumes 

Pure ether i volume 


will separate glycerine from sugars, gums, dextrine, gelatine, 
and various salts. In similar manner, glycerine is soluble 
in a mixture of equal weights of chloroform and alcohol 
in which the sugars, gums, and dextrine are insoluble.* 

Tests for Glycerine, or GLYCEROLf 

Heated with KHSO4, glycerine produces an irritating 
odor of acrolein, causing flow of tears. If the acrolein 
vapors are conducted into water, the solution will reduce 
ammoniacal silver-nitrate solution, forming a “ mirror ’’ 
on walls of test-tube. If a mixture of two drops pure 
glycerine, two drops pure phenol, and two drops concen- 
trated sulphuric acid, be placed in a dry test-tube and 
heated very carefully to 120° C., a brownish-yellow mass 
results, which, on cooling and dissolving in faintly am- 
moniacal water, should produce a beautiful carmine-red 
coloration . 

* See Allen, 1899, Vol. II, part i, p. 304. 

t For the quantitative determination of glycerol by the “Acetin 
Method” consult Lewkowitsch, Analyst, 1903, p. 323; J.S.C.I., 1903, 
p. 576; also “Report of the Sub-(’ommittce on Glycerine Analysis,’’ 
Langmuir, Jour. Ind. & Eng. Chem., 1911, p. 679. Sec under “ Acetyliza- 
lion Test.” 
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Flame Test: — The glycerine solution should be made 
slightly alkaline with soda^ then poured upon powdered 
borax in a watch-glass. Dip a platinum wire loop into it, 
and test in a Bunsen flame which should exhibit a greenish 
tinge if glycerine be present.* 

Benzol. CeHe. Benzene from coal tar. Nucleus, or 
starting-point, for aromatic^’ compounds in organic 
chemistry. A colorless, highly refractory licpiid with 
characteristic aromatic odor and inflammable vapor. 
B. P. 80.5° C. Sp. gr, 0.899 at 0° C. Lighter than and 
insoluble in water. Miscible with alcohol, ether, petrolic 
ether, chloroform, turpentine, absolute phenol, oils, fats, 
and waxes. Solvent for sulphur, phosphorus, iodine, and 
rubber. Basis for most ^^paint removers’^ (loosening 
paint). No reaction with metallic sodium. 

Nitro-benzol. C6H5.NO2. Oil of mirbane. Poisonous. 
Possesses odor of bitter almond oil, but is of different com- 
position. A light yellowish oil. Sp. gr. 1.18 at 15"^ C. 
B. P. 205"^ C. ^ Insoluble in water, but soluble in nitric acid 
from which it may be precipitated on dilution. Miscible 
with alcohol, ether, and oily substances. By reduction, 
gives anilin. Used for scenting greases, soaps, and polishes; 
also, in analysis as a solvent for certain anilin colors. 

Toluol. CgHb.CPL. Toluene. Methyl-benzol. From 
coal-tar distillation and also from the dry distillation of 
tolu balsam. Very similar to benzol, Sp. gr. 0.87 at 
15° C. B. P. 110.3° C. Miscible with alcohol, ether, 
glacial acetic acid, and acetone. Used in deriving coal- 
tar colors and artificial musk. Solvent for crude rubber. 

Anilin. Amido-benzol, Cclis-NFU. From the reduc- 
tion of nitro-benzol with iron and hydrochloric acid. A 
colorless, highly refractive liquid, when fresh, with faint 
fetid odor. Darkens on exposure. Sp. gr, 1.026 at 15° C. 
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B. P, 183° C. Slightly soluble in water. Easily soluble 
in alcohol and ether. Colored purple by solution of 
bleaching powder.” 

Uses: — Production of anilin colors (dyestuffs), solvent 
for rubber and for softening paint skins. 

Gas Tar or Coal Tar. A brownish black oily liquid with 
strong tarry odor. Sp. gr. about 1.15. Besides some 
water and ammoniacal liquor, it contains benzol, toluol, 
xylol, phenol, napthalene, coal-tar pitch, etc., all of which 
may l3e separated by fractional distillation. 

Uses: — Making “tar-paper,” preserving timber, paint- 
ing gas tanks, condensers, etc. The anhydrous tar is used 
for ramming furnace linings (magnesite), where moisture 
would be detrimental. Note, for proximate analysis, that: 

(1) Any water present should be separated by rotation 
or gyration before distillation. 

(2) Method of distillation depends on the character of 
the tar and the number of “fractions” desired. 

(3) Wood tars are acid, while coal, shale, and bone tars 
are alkaline.! Example of fractioning coal tar: 


I. 

II. 

III. 

IV. 


Crude naptha 
‘'Ch'eosote oils” 


C. “90 per cent benzol” 
iio°-i7o° C. xylol, cumol, toluol 
i7o‘^--225° C. phenols 
2 25°- 2 70° C. na])t]ialenc 
Anthracene oil (“ red oir’)~27o‘^ C. and above, 
J^ilch. 


d1ie first “fractions” may l)e redistilled to recover 
volatile hydrocarljons retained ])y those of liigher Ijoiling- 
points. Jdienols are removed by treating the “creosote” 
portion with caustic alkali.;]; 

'rh()ri)’s I IK I. ('lu'iii., i8g(), j). 2<Ss. 
t AllcMi, 1900, ir, parL 2, p. S7- 
t Allen, lyoo, Vol. II, pari 2, jip. 300, 302, 
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Phenol. “ Carbolic acid.” CeHsOH. Anhydrous pure, 
forms crystalline white needles. Liquefies in air. Char- 
acteristic, penetrating odor and burning taste. Poisonous 
and antiseptic. Whitens the skin. Found in coal-tar 
creosote. Prepared synthetically by fusing potassium 
benzol sulphonate with caustic potash, and treating melt 
with hydrochloric acid to liberate phenol. Pure crystals. 
M. P. 42° C. B. P. 183° C. Soluble in 15 parts water at 
20"^ C., the solubility increased by glycerine. Almost in- 
soluble in cold petrolic ether. Very soluble in alcohol, 
ether, chloroform, and glacial acetic acid. 

Tests for phenol : 

1. Odor characteristic in small amounts. 

2. Ferric chloride (neutral), one drop added to 10 c.c. 
of I per cent aqueous phenol solution gives violet tint. 
(Wood creosote gives transient slaty green to reddish brown 
precipitate.) 

3. Bromine water added to aqueous solution produces 
a white precipitate of tri-brom-phenol. (Wood creosote 
gives reddish brown precipitate.) 

4. Equal volumes of phenol and glycerine give a clear 
solution miscible with 3 volumes water. (Wood creosote, 
similarly, gives turbid liquid with i volume water and 
separation of creosote globules.) 

5. Alcoholic potash (20 per cent KHO), 20 c.c. with 
I c.c. phenol, forms soluble phenate. (Wood creosote gives 
solid crystalline mass on standing a few minutes.) 

6. Collodion forms coagulum on stirring with equal 
volume phenol. (Wood creosote, clear solution.) 

Uses: ~ Surgical dressings, ointments, disinfectant, 
etc. With concentrated nitric acid, phenol ultimately 
forms yellow tri-nitro-phenol or '^picric acid.” Also em- 
ployed in the production of coal-tar colors and synthetic 
drugs. 
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Coal-tar Creosote. That portion of coal tar distilling be- 
tween 200° C. and 300^ C.* Yellowish fluid with greenish 
fluoresence. Contains phenol, napthol, napthalene, cresol, 
anthracene, etc. Sp. gr. about i.io. Strong tarry odor. 
Poisonous internally. Miscible with solvents, but not with 
water. Used for preserving timber, for lubricating mixtures, 
and for illumination, also as an antiseptic detrimental to 
lower organisms. 

Beech wood Creosote. From wood tar; the portion 
distilling between 150° C. and 250° C. is treated with 
caustic-soda solution, the aqueous part is drawn off and 
treated with sulphuric acid to separate the crude creosote, 
this, in turn, further purified with alkali and acid, then 
redistilled, saving the fraction between 200° C. and 220° C. 
as pure crcosote.'l* Contains several phenol bodies, in- 
cluding cresol, guiacol, and derivatives of pyrogallol. It 
has a smoky carbolic odor, and is considered non-poisonous. 
Color yellowish to pinkish. Miscible with most solvents; 
slightly with water. Nitric acid acts violently. Con- 
centrated sulphuric or hydrochloric acids produce reddish 
liquids, becoming purple to black on standing. Wood 
creosote does not coagulate albumen nor gelatinize collo- 
dion. (Distinction from phenol.) With alcoholic potash 
it forms a crystalline mass, (i c.c. creosote, 10 c.c. 20 
per cent absolute alcoholic potash). Used as a source for 
guiacol (a remedy for tuberculosis), as an antiseptic, and 
in dentistry. 

Bone Tar. (Dippel’s oil.) From the destructive dis- 
tillation of bones in retorts in the imoccss of making '‘bone 
black. A greasy, brownish-black, viscous liquid with an 
unpleasant pungent “iso-nitrik’ odor. Besides ammonia, 
oily matter, nitrils, etc., it contains pyrrol, pyridine, piper- 

* Allen, 1900, Vol. II, part 2, p. 294. 

t Allen, igoo, Vol. II, part 2, p. 277. 
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idine, and derivatives. Pyrrol may be easily detected by 
holding a pine splinter or match-stick, moistened with 
concentrated hydrochloric acid, directly over the bone tar 
when the wood should assume a red color. In an experi- 
mental extraction of bone tar, the writer obtained 4 per 
cent pyrrol, i per cent pyridine bases, and over 10 per cent 
tarry matter with disagreeable odor, the rest being more or 
less saponifiable fatty oils. The pyridine bases had a 
strong odor of mustard oil and pepper, and fumed strongly 
in contact with hydrochloric acid vapors. 

Uses: — Limited, possible denaturing of alcohol and as 
an insect poison, and source for pyrrol and pyridine. 

N.B. — Bone tar, often called “bone oil,’’ should not be 
confounded with bone oil obtained by extraction of bones 
by boiling or with solvents. The latter kind is used in soap 
making. 

Pyrrol. C4H4NH, or C4H5N. A colorless, aromatic 
liquid with a chloroform-like odor found in bone tar. It 
may be prepared synthetically: (i) By passing acetylene 
and ammonia through a red-hot tube. (2) By distilling 
succinimid with zinc dust.* It may be sei)arated from 
bone tar by agitation with dilute sulphuric acid — sullicient 
to combine witli pyridine bases and ammonia and coagulate 
tarry matter. The acid solution is reserved for pyridine. 
The residual tarry oil is fractioned, collecting the distillate 
between 100° C. and 150° C., which is then fused with an 
excess of solid caustic potash in a reflux a])i)a,ratus, the 
pyrrol combining with the alkali in a solid mass.f 

N.B. — The solid potassium-pyrrol, CJbNK, is decom- 
posed by water, hence would not be formed in its ]>resencc.J 
The sohd mass is pulverized, washed with ether to remove 

* Miller, Jour. Am. Ch. Sot:., 1894, p. 436. 

t Ber. 19, 173. 

t Richter’s Organischc Chemie, p. 58 1. 
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oily impurities, then dissolved in water to liberate pyrrol 
which separates as an oily layer.* It is a very feeble in- 
different base, slightly soluble in water, and slowly soluble 
in dilute acids. Soluble in alcohol, ether, and concentrated 
acids. Insoluble in alkalies. Sp. gr. 1.077. B. P. 133^ C. 
Imparts purplish red color to pine wood moistened with 
hydrochloric acid. Becomes discolored (brown) on ex- 
posure. Heated in acid solution it forms a red flaky sub- 
stance, known as pyrrol-red, Ci2lii4N20. Pyrrol, dissolved 
in alcohol (i : 10) and treated with alcoholic iodine (i : 20), 
forms tetra-iodo-pyrrol, or “lodol,’^ a pale yellowish antisep- 
tic, which acts like iodoform without its disagreeable odor. 

Pyridine. CsPIsN. An important constituent of bone 
tar; the base or nucleus of many alkaloidal substances. 
A colorless liquid with a penetrating odor. Sp. gr. 0.98 
to 0.989 at 15° C. B. P. ii5°~ii6°C. It has a great 
affinity for water, with which it is miscible in all proportions. 
Miscible with alcohol, ether, oils, and most solvents. In- 
soluble in caustic soda or potash (liberated). Pure pyridine 
has no effect on phenol-phthalein, in distinction from 
ammonia. Neutralizes strong acids, fumes with con- 
centrated hydrochloric acid, and forms salts as pyridine 
hydrochloride, j)icrate, chloroplatinate, and douljle salts 
with zinc and cadmium chlorides; also compounds with 
cupric and mercuric chlorides. For the prei)aration of 
pyridine, tire acid solution obtained by treating bone tar 
with dilute sulphuric acid is distilled with steam to remove 
traces of })yrrol (indicated hy pine splinter wet with IICl), 
then filtered to remove tarry matter, made alkaline with 
excess of caustic soda to liberate pyridine, and again dis- 
tilled with steam. 'Fhe distillate is cooled and an excess 
of solid caustic soda is carefully added to produce an oily 
layer of pyridine bases. These are carefully removed and 

* Fownes’ Elementary Chemistry; Allen, 1892, Vol. Ill, part 2, p. 113. 
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slowly boiled with fuming nitric acid to destroy impurities, 
then again made alkaline with solid caustic, and the 
liberated bases again removed and retreated with solid 
caustic until the bases are perfectly anhydrous before 
attempting fractional distillation * Anhydrous pyridine 
has been proposed as a solvent for rubber.f Commercial 
pyridine contains pyridine hydrate having the formula, 
C5H5]Sr.3 H2O, which has a constant boiling-point of 94.4° C., 
and very little solvent action. 

TERPENE BODIES 

Turpentine or Terebenthene. CioHio. Often called 
Turps” and sometimes oil of turpentine. The pure 
liquid is obtained by distilling the pine tree gum or wood in 
a retort with steam of dry heat. The oil passes over while 
the resinous matter is drawn off from bottom of still and 
solidified. The solid matter thus obtained is known as 
rosin or colophonium. A solvent process is also used . There 
are three varieties of turpentine — American, French, and 
Russian — all having the same chemical composition, but 
differing slightly in physiqal properties, depending on the 
characteristic “terpene” present. B. P. 156^ to 174° C. 
According to Wallachf the principal constituent in Ameri- 
can and French turpentines is pinene, while in the Russian 
variety sylvestrine predominates. Turpentine acts strongly 
on polarized light: 

American turpentine Dextrorotatory. 

French turpentine Lacvorotatory. 

Sp. gr. averages 0.867 American and French varieties, 
the variation being from 0.864 to 0.870 at 15° C. Immis- 

* Allen, 1892, Vol. Ill, part 2, pp. 98, 99, 
t Jour. Ind. and Eng. Chemistry, 1909, p. 361. 
t Hurst, Painters' Colors, Oils, and Varnishes. 
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cible with water. Volatile with steam. Miscible with 
absolute alcohol, ether, petroleum ether, gasoline, benzol, 
and bi-sulphide of carbon. 

Caution: — Nitric acid acts energetically, almost with 
explosive violence on turpentine, likewise chlorine, bromine, 
and iodine. Solvent for fats, oils, and resins. Principal 
use for thinning paints and varnishes, and also for polishing 
mixtures. Promotes the drying of paint films through 
oxidizing properties, and renders the coating more adherent. 
An excellent medium for determining the specific gravity 
of other substances insoluble therein.* 

Venice Turpentine, An oleo-resinous, thick, sticky, 
viscous, transparent mass from the larch tree, Larix europ£Ea 
of central Europe. The substance is of about the consist- 
ency of clear honey, more viscous than glycerine, and 
varies in color from water-white to yellowish or greenish. 
It contains a terpene body, has a mild turpentine odor, 
and becomes resinous or hard on long exposure. Slowly 
soluble in absolute alcohol, readily soluble in ether, petrolic 
ether, acetone, benzol, and glacial acetic acid. Slowly 
soluble in carbon tetrachloride. 

Uses: — Used in fixing colors, enamel painting and firing; 
also in printing inks, and sometimes in spirit varnishes to 
impart elasticity. In medicine, for bronchial catarrh and 
in ointments. 

N,B, — Apparently closely related to Canada balsam, 
which see under “Balsams.^’ 

* For manufacture by wood distillation, see article by T. W. Pritchard, 
Jour. Indust, and Eng. Chem,, 1912, p. 338. 
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CAMPHOR GROUP 

Closely related to the T er penes ^ hut more saturated 

Laurel Camphor. Common camphor. CioHieO. From 
the camphor tree of China and Japan, and obtained by 
distilling the wood with steam, forming white masses nearly 
transparent. Sublimes easily in glistening hexagonal 
crystals. Slowly volatile at ordinary temperatures. Spar- 
ingly soluble in water, on the surface of which small pieces 
exhibit a rotatory motion. Sp. gr. 0.985 at 15° C. M. P. 
175° C. Distils at 204° C. Soluble in alcohol, ether, 
chloroform, acetic acid, and in oils. The alcoholic solution 
is dextrorotatory. By reduction with sodium in alcohol 
ordinary camphor is changed to borneol, or borneo camphor. 

Uses: — Moth preventive, celluloid, medicine, lacquers. 

Borneol Camphor. Borneol. CioHxyOH. From Borneo 
and Sumatra. It is very similar to ordinary camphor, l^ut 
has a peppery odor. Sp. gr. i.oi at 15"^ C. M. P. 198° C. 
Distils at 212° C. May be oxidized by nitric acid to 
ordinary camphor, analogous to the oxidation of alcohol to 
aldehyde. Found in oil of citronella, geranium, etc. 

Uses: — Antiseptic, incense, and perfumery. 

Menthol or Peppermint Camphor. Cioliio-OFL The 
principle constituent of oil of peppermint, the essential oil 
of mentha piperita, from which it is obtained crystalline 
on chilling. It possesses a strong peppermint odor and is 
levorotatory, M. P. 42° C. B. P. 212*^ C. Slightly sol- 
uble in water. Soluble in alcohol, ether, chloroform, etc. 

Uses: — Headache, toothache, catarrh, insect bites, and 
perfumery. 

Oil of Peppermint. Mostly menthol, with some limo- 
nene, etc. Varieties, Japanese, American (Wayne Co., 
N. Y.), and English (Mitcham, Surrey). 

Uses: — Medicine and cordials. 



SOME ESSENTIAL OILS 


25 


Coal-tar Camphor 

Napthalene. Moth balls,” Strong tarry odor. CioHs- 
Not a true camphor, but found in that portion of coal tar 
distilling between 180° C. and 300^^ C., and obtained from 
same by crystallization. Noted for its great volatility, 
distilling over easily with steam by which it may be purified 
and afterwards sublimed. Sp. gr. (solid) 1.58. M. P. 
79° C. B. P. 218° C. Slowly soluble in cold alcohol; 
easily, hot. Easily soluble in benzol, acetone, or ether. If 
boiled with dilute nitric acid, it is oxidized to phthalic acid 
by destruction of a benzol ^^ring.” With chromic acid 
mixture napthalene is gradually and completely converted 
to CO2. By leading chlorine gas over napthalene it melts 
and forms Cl addition-products, such as napthalene-tetra- 
chloride, CioHsCh, which crystallizes from chloroform in 
large rhomboidal crystals.* Melted napthalene dissolves 
sulphur, iodine, and phosphorus. It burns with a smoky, 
luminous flame. 

Uses: — Commercially, in the form of “moth balls,” for 
preserving household goods, furs, etc., also as a carburettor 
for gas lamps, and in the manufacture of dyes. In medi- 
cine, used as an intestinal antiseptic and stated to be good 
for eliminating tapeworms. (Dose, 15 grains.) 

SOME ESSENTIAL OILS 

Terpene Derivatives 

Oil of Lavender. I^’rom the flowers of Lavandula vera, 
grown at Mitchanp vSurrey. Also an inferior grade from 
lavandula s])ica, grown in Europe. Contains linalyl ace- 
tate, CioIIiy.OOC^Cdl;}, pinene, CiJluu and geraniol, 
CioHiy.OII. vS]). gr. about 0.890 at 15^ C. 

S(‘(' Richlcr’s ( )rf<auis('hc Chcmic', and licMicdilvl and IvnoclU’s (’ht'm- 
istry nf Cnal-tar Colors. 
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Uses: — Perfumes, liquors, ceramic painting and lus- 
tres. 

Oil of Bergamot. From the greenish-yellow, lemon- 
shaped fruit of Citrus bergamia, grown in Calabria. The 
skin furnishes the oil which contains dipentene or inactive 
limonene, CioHie; also linanyl acetate, C10H17.OOC.CH3. 
Sp. gr. about 0.883 at 15° C. 

Uses: — Mainly as a perfume. 

Oil of Lemon. From the skin of the Citrus limonum 
(lemon). Contains citrene, or right limonene, CioHio, and 
also pinene, CioHie. Sp. gr. 0.860 at 15° C. 

Uses: — Principally in flavoring. 

Oil of Citronella. Prepared from Andropogon nardus, a 
grass grown in India and Ceylon. A yellowish oil contain- 
ing principally citronellic aldehyde, CoHn.CHO; also 
borneol, C10H17.OH; and geraniol, C10H17.OH. Sp. gr. 
about 0.877 16° C. Forms compounds with sodium bi- 

sulphite, phenylhydrazine, and reduces ammoniacal silver 
nitrate (“mirror”). Liable to adulteration with kerosene. 

Uses: — Perfume for soap and greases, also for mos- 
quito bite cure and in some liquid “paint removers.” 

Oil of Lemon-grass. From a grass very similar to that 
of citronella. The oU is used as a substitute for verbena 
oil, having a similar odor. Also used in perfumery and 
in scenting greases. 


Phenol Derivatives 

Oil of Anise. Mostly anethol. C6H4.C3H6.OCH3. 
From the fruit or seeds of Pimpinella anisum. Anethol 
also occurs in fennel seed (fceniculum vulgare). May be 
colorless to dark yellow according to age. Sp. gr. about 
0.990 at 15° C. When of good quality, it is characterized 
by its high solidification point (about 15° C.), and its 
solubility in an equal weight of 95 per cent alcohol. 
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Uses: — Used medicinally, increases lactation and relieves 
flatulency. Also employed in perfumery. 

Oil of Cloves. Mainly eugenol. CeHs.CsHg.OCHg.OH. 
From a spice tree, Caryophyllus aromaticus. Sp. gr. 1.06 
at 15° C. Sinks in water. 

Uses: — Flavoring, perfumery, and toothache drops. 


Oil of Sassafras. Contains safrol. 


CeHs.CsHs 



CH2. 


From the root of the American sassafras tree. The main 
constituent, safrol, is also found in the crude Japanese 
camphor oil (used as a substitute). Sp, gr. about 1.06 or 
1.07 at 15° C. 

Uses: — Tonic flavor, also for insect bites, and to disguise 
offensive odors. 

Oil of Wintergreen. About 99 per cent methyl salicyl- 
ate. C6H4.0H.CO.OCtl3. Naturally in the bark of sweet 
birch and in the leaves of Gaultheria procumbens. Sp. gr, 
about 1. 177 at 15° C. Artificially prepared by passing 
dry hydrochloric acid gas into a mixture of sodium salicyl- 
ate and pure methyl alcohol. 

Uses: — 'For flavoring, and perfume; also for rendering 
substances more palatable. As a remedy for rheumatism, 
the artificial product is not so efficacious as the natural oil. 


Aromatic Aldehydes 

Oil of Bitter Almonds. Benzaldehyde. CgUg-CHO. 
From ^^amygdalin,” a glucoside found in the fruit of the 
bitter almond tree, botanically the same as the sweet 
almond tree lint differing in character of fruit. The 
glucoside hy fermentation lireaks up into glucose, ben- 
zaldehyde, and prussic acid, the latter being the poisonous 
princi])le of the natural oil. Sp. gr. r.05 at 15° C, B. P. 
about iSo"^ C. The artificial oil of bitter almonds (ben- 



28 


OILS AND SOLVENTS 


zaldehyde prepared from benzal chloride) is non-poisoiious, 
contains no prussic acid, but it must not be confounded 
with nitro-benzol; or oil of mirbane (derived from benzol 
and nitric acid), possessing poisonous properties and 
similar odor, and used for scenting greases. On exposure 
to air pure benzaldehyde gradually becomes oxidized to 
crystalline benzoic acid. 

Uses: — Medicinally the true oil of bitter almonds is 
used as a cough remedy and nerve sedative. Also used 
in perfumery and, when free from prussic acid, in some 
liquors. 

Oil of Cinnamon (True). Mostly cinnamic aldehyde. 
CeHs.CH.CH.CHO. From the bark of the cinnamon 
laurel grown in Ceylon. Sp. gr. 1.03 to 1.035 '^ 5 ^ C. 

B. P. 240° C. Oil of cassia (Chinese cinnamon) also con- 
tains cinnamic aldehyde, some acetate, and eugenol. Liable 
to adulteration with rosin and petroleum. 

Uses: — Perfume and flavoring. 


FRAGRANT SUBSTANCES 


Phenol Derivatives 


Cumarin, or Tonka-bean Camphor. 


CgI-L^ 



Fragrant odor of freshly mown grass or hay. Obtained 
from the bean of the Dipterix odorata of Guiana. Artifi- 
cially prepared by heatii^ salicylic aldehyde with acetic 
anhydride and anhydrous sodium acetate. White trans- 
lucent crystals with pleasant vanilla-like odor and l)urn- 
ing taste. M. P. 67° C. Distils at 290^ C. Soluble in 
hot water; sparingly, cold. Easily soluble in alcohol, ether, 
oils, and glycerine. 

U ses: — Flavoring and perfume. 



BALSAMS 


1605 


Vanilla or Vanillin. Methyl-proto-catechu aldehyde. 


CeHa 


CHO 

O.CH3 

OH 


A substance with pleasant odor, long known to the Mexi- 
cans, and derived from the pods of the plant Vanilla 
planifolia. Artificially produced from coniferin through 
oxidation with chromic acid mixture. (Coniferin is a glu- 
coside, C1CH22O8.2 H2O, obtained in silky needles from the 
sap-juice of coniferous plants.) Vanillin is also prepared 
by oxidation of eugenol (from oil of cloves). Vanillin 
occurs in white stellated needles or prisms. M. P. 80° 
to 81° C. Sublimes. B. P. 285° C. Soluble in hot 
waters; also in alcohol, ether, and chloroform. 

Uses: — Flavoring extracts, chocolate, cordials, per- 
fumes. 


BALSAMS 

Balsams are aromatic exudates composed of the character- 
istic resin and essential oil of the tree from which derived. 
The true balsams have oleo-resinous properties, but con- 
tain benzoic or cinnamic acids and their esters. 

On heating, gum benzoin yields a sublimate of benzoic 
acid; tolu balsam yields toluol and cinnamic acid; Peru 
balsam and Styrax yield cinnamic esters or derived prod- 
ucts. 

Exceptions: — Canada balsam and copaiba balsam are 
turpentines (or tcrpencs), containing the characteristic 
resin in solution, and are not regarded as true balsams. 

Canada Balsam. Oleo-resinous. Not a true balsam. 
From Northern United States and Canada. A thick, yel- 
lowish, transparent liquid with pine-tree odor. On ex- 
posure it forms a hard, transparent film. Contains pinene, 
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bornyl acetate, resin, etc., and acts as a natural varnish. 
Soluble in chloroform, ether, petrolic ether, gasoline, tur- 
pentine, carbon tetrachloride, and benzol. Imperfectly 
soluble in absolute alcohol. 

Uses: — Cuts and wounds, and microscopical mounts. 

Copaiba Balsam. Oleo-resinous. Not a true balsam. 
From South America (Brazil, Venezuela, and Colombia). 
Thick, transparent, brownish liquid with bitter nauseating 
taste. Contains various copaibic acids and essential oil. 
Soluble in absolute alcohol, ether, petrolic ether, chloro- 
form, and benzol; and in strong alkaline solutions. Alco- 
holic solution reddens litmus. 

Uses: — In pharmacy and medicine as an antiseptic, 
laxative, and stimulant. 

Styrax. (Storax. Oriental sweet gum.) A true balsam . 
A thick, grayish, sticky, liquid balsam from Asia Minor. 
When fresh it may appear as an amber-colored liquid. It 
has a sweet, faint hyacinth odor and sharp, burning taste. 
Contains styrol (CgHg), cinnamic acid (CGH5.C2H2.COOr-I) 
styracin (styryl cinnamate, CGli5.C2H2.COOC()H(j), water 
and various impurities. Partially soluble (turbid solution) 
in alcohol, ether, carbon tetrachloride, and benzol. Almost 
insoluble in petrolic ether. 

The ethereal solution, freed from insoluble residue l)y 
decantation or filtration and evaporation, yields a thick 
amber-colored extract of the purified substance. 

If the original balsam be distilled with steam, a com- 
pound known as styrol (CgI-Ig-CPI : C : II2) passes over. 
If the liquid in the still is then made alkaline, the styracin 
is saponified; and on again distilling with steam, slyrone 
or cinnamic alcohol (CgPIb.CH : CH.CI-LiOH) i)asses over. 
By filtering the hot residual liquid and treating with hydro- 
chloric acid, cinnamic acid as such (CoUg.CH : CTI.COOII) 
is obtained, 
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Uses: — In perfumery to render odor less fugitive; for 
fumigating pastilles; also for mounting diatoms in micro- 
scopical work. In medicine as an antiseptic and ex- 
pectorant, usually as a tincture. 

Balsam Peru. A true balsam from Central America. 
A dark-brown molasses-Hke fluid with aromatic sweet 
odor and faint bitter taste. Contains considerable cinna- 
mein (benzyl cinnamate, C6H6.C2H2.COOC7H7), also styra- 
cin, little free cinnamic acid, and resinous matter. Quite 
soluble in absolute alcohol and benzol. Imperfectly soluble 
in ether and carbon tetrachloride. Almost insoluble in 
petrolic ether. 

Uses: — Perfumery and chocolate manufacture. In 
medicine, as an antiseptic and disinfectant for ulcers, 
scabies, chronic catarrh, etc. 

Balsam Tolu. A true balsam from South America 
(Venezuela and Colombia). Reddish brown, brittle or 
soft, resinous mass with aromatic odor and taste. Softens 
in fingers. Contains resinated esters of cinnamic acid; 
also free cinnamic acid, some benzyl benzoate, styracin, 
cinnamein, and vanillin. M. P. 60° to 65° C. Soluble in 
warm absolute alcohol; partly soluble in ether; quite 
soluble in mixed alcohol-cther and in hot benzol. Insoluble 
in hot carbon tetrachloride (unaffected) . Insoluble in petro- 
lic ether. Soluble in potash solution. 

Uses: — Cough medicine and perfumery; also for 
fumigating ])astillcs. 

Gum Benzoin. A balsamic exudate or true balsam from 
sty rax benzoin, a tree in the Malay archipelago. Various 
grades, often dull rusty brown resinous masses with yel- 
lowish-white nodules imbedded, friable, and with a faint 
sweet odor. Contains 12 to 20 per cent free benzoic acid, 
some vanillin, and resinated esters of benzoic acid, as well 
as impurities. It melts at 75"^ C, or above. When heated 
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it sublimes, giving vapors of benzoic acid. For sublimation, 
mix powdered gum with an equal volume of sand. Soluble 
in warm absolute alcohol, excepting impurities. Slightly 
soluble in ether and carbon tetrachloride. Insoluble in 
petrolic ether. 

Uses: — Perfumery, fumigators, lacquers, etc. As a 
tincture in cough mixtures. Antiseptic for cuts and 
wounds, and preservative for ointments and cosmetics. 

Remarks : — There are comparatively few characteristic 
or satisfactory tests on balsams. 

The true balsams are generally insoluble in petrolic 
ether, in distinction from the oleo-resinous terpenes like 
Canada balsam. 

The cinnamic balsams yield the odor of bitter almonds 
(benzaldehyde) on treating or heating with strong alka- 
line permanganate or with Labarraque solution. Not so 
gum benzoin, which imparts a different aromatic odor. 
The permanganate solution assumes a deep green tint from 
reduction, changing to black as the reaction becomes more 
vigorous. The writer prefers alkaline permanganate to a 
mixture of permanganate and sulphuric acid, since the 
former produces a bitter almond odor where the acid 
mixture fails to give more than a charred mass and pungent 
vapors. 

In warm concentrated sulphuric acid : 

Balsam tolu dissolves to a clear cherry-red color. 

Balsam Peru dissolves to a deep cherry-red color immediately. 

Styrax dissolves to a blood-red tint slowly. 

Gum benzoin dissolves to a brown, gradually blood-red, color. 

On dilution with water the red-colored acid solutions 
assume a violet tint which is also taken up by the precipi- 
tated resinous matter. 

Benzoic Acid. CePIs.COOH. Pearly lustrous i)lates or 
needles from gum benzoin by sublimation, or from hij)- 
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puric acid by boiling with concentrated hydrochloric acidj 
or by oxidation of benzaldehyde, or by conversion of 
toluene into benzyl chloride and oxidizing the latter. 
Slightly soluble in cold water. Soluble in hot water. Solu^ 
ble in alcohol, ether, chloroform, benzol, petrolic ether, 
amyl alcohol, and oils. M. P. 121° C. Sublimes readily. 
Volatile with steam. For subliming small quantities, use 
two close-fitting watch glasses. Place substance in lower 
glass and over the rim a diaphragm of filter paper; then over 
this invert the other glass and clamp together. Heat gently 
on a sand bath, so that vapors pass through filter and con- 
dense on upper glass, which is kept cool with a moist pad. 
For larger quantities use a round dish, and over the edges 
place a cone of filter paper, on which, after gentle heating, 
the benzoic acid collects in lustrous needles.* With pow- 
dered gum benzoin use an equal volume of sand for sublima- 
tion. 

Uses: — Antiseptic and antiferment — more powerful 
than salicylic acid. Also, as a standard for calorimeter 
tests. Source for sodium benzoate. 

TRUE GUMS, GUM RESINS, AND BITUMENS 

True Gums. Products of exudation of certain plants. 
Examples are gum arabic and gum tragacanth, which are 
uncrystallizable and non-volatile and have slight taste. 
Chemically, they are little understood. In cold water 
they dissolve or swell up forming mucilage or jelly (dis- 
tinction from starch which swells in hot water, and from 
resins). Insoluble in alcohol (distinction from dextrose, 
starch, and resins). Do not ferment (distinction from 
sugars). They are laevorotatory (unlike dextrin). They 
give no color with iodine, unless starch or dextrin be 
present. 


* Remsen’s Organic Chemistry. 
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Gum Arabic or Gum Acacia. Ca0.C89Hi42074. The 
calcium salt of arabic acid* In chemical solutions it 
interferes with the precipitation of heavy metals, as sul- 
phides; also with certain alkaloidal tests. 

Gum Tragacanth. Contains bassorin, C 12 H 20 O 10 ; also 
starch and cellulose, as well as some soluble gum. It is 
hard or “horny,’’ and difficult to pulverize. It expands 
or swells up when soaked in water, slowly forming a jelly 
more or less translucent, which possesses slightly cohesive 
properties as a binding material. 

Uses: — Used in calico printing, pastes, pills, and colored 
crayons; also as an emulsifier and tliickening agent. 

Pectin. A gummy substance occuri'ing in ripe fruits, 
and forming the basis for fruit jellies. Inactive to polar- 
ized light. Forms main constituent of Irish moss. 

Agar-agar. From a variety of seaweed occurring in the 
Pacific and Indian Oceans, and obtained from Japan and 
China. It contains pectin and forms a jelly with hot 
water. 

Uses: — Used as a substitute for gelatine, as a sizing for 
cloth, and as a culture medium for bacteria. 

The Resins — Not True Gums 

Gum Copal, Gum Kauri, Gum Damar, etc., arc resins, 
not true gums, belonging to a class of substances in 
which ordinary rosin is included. The term “resinate” 
refers to the metallic compounds of rosin, such as rosin 
soap” or resinate of soda, resinate of lead and manganese 
resinate, the latter being well known as a drying agent for 
paints, oils, and varnishes. 

Gum Copal. A fossil resin found on the west coast of 
Africa — Sierra Leone, Congo, etc. True copals are hard, 

* Comm. Org. Anal., 1898, Vol. I, p. 351. 
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lustrotis, yellow, brown, or nearly white, and more or less 
insoluble in the usual solvents, but are rendered soluble 
by melting before making into varnish. Sp. gr. about 1.05. 
M. P. 200° to 250° C. 

Manila Copal. From the Philippines. Has different 
properties from the African copals, being softer and more 
soluble. Pale brown and pebble-size. Sp. gr. about 1.06. 
M. P. 1 10° to 120° C. Not very soluble in alcohol, turpen- 
tine, or benzol. Swells in petrolic ether. After melting, it 
is quite soluble except in alcohol. ’ 

Demerara Copal. A fossil resin from British Guiana. 
Quite lustrous and transparent. Soluble in ether. Swells 
in alcohol or petrolic ether to a white jelly. Partly soluble 
in chloroform with swelling. 

Gum Damar. From Java, Sumatra, Borneo, etc. A 
resinous exudate near roots of certain trees. There are 
different varieties, but the true. white occurs in nodules 
easily broken. Sp. gr. from 1.06 to 1.12. M. P. 120° to 
140° C. Soluble in turps, ether and oil; slightly, in alcohol. 

Gum Kauri. A fossil resin from New Zealand. Product 
of a species of pine tree. Similar to copal and found under 
ground. Also obtained from the living tree in softer, 
almost colorless pieces. The fossil ^^gum” is rather dark, 
brownish, streaky, and opalescent, giving a lustrous con- 
choidal fracture and an aromatic odor on breaking. Sp. gr. 
about 1.05. At 200° to 250° C. it melts or fuses, evolves 
copious fumes, and becomes soluble in ether, turpentine, 
benzol, amyl alcohol, etc. 

Uses: — Much used in varnishes by running ’’ the melted 
material in hot linseed oil, thinning, etc. 

Shellac. Obtained from resinous incrustation on twigs 
of certain trees in India. Formed from the sap by an 
insect, coccus lacca, which exudes the lac in which it lays 
its eggs and in which it becomes embedded. The crude 
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stick lac’’ is rolled and washed to form ‘'seed lac ” and, 
from the washings, a red “lac dye” is obtained. 

White shellac is obtained by passing chlorine gas through 
an alkaline lac solution, whereby the lac is bleached and 
precipitated. Afterwards, it is melted under water and 
“pulled” until yellowish white, opaque and brittle. 

Orange shellac is formed by melting “seed lac” and 
straining over cold cylinders of porcelain, wood, or metal, 
from which, after cooling, it flakes off into brittle, brown, 
bulky, lustrous, translucent scales. Sp. gr. i.ii to 1.2 1. 
Besides resinous and coloring matter it contains a waxy 
substance, insoluble in alkaline solutions and alcohol. 
Orange shellac is easily “cut” by strong wood alcohol and 
by absolute ethyl alcohol — in fact, more soluble than 
white shellac, which at times is almost insoluble.* Also 
soluble in fusel oil and glacial acetic acid. Insoluble in 
petrolic ether in distinction from rosin. f Soluble in dilute 
ammonia and in aqueous caustic or carbonated alkali. 
Dissolves in hot borax solution, the latter, when rubbed 
up with India ink, forming an excellent marking fluid for 
laboratory labels, as it is unaffected by acid vapors. (Rosin 
is slowly soluble in a boiling borax solution.) 

Uses of Shellac: — Principally for sealing wax and spirit 
varnishes, also as a wood “filler.” 

Amber. A fossil resin found on the shores of the Baltic 
and sometimes inland by glacial action. Color, reddish 
brown to transparent yellow; some pieces clear and com- 
pact, others streaked with minute air bub))les, or occasion- 
ally enclosing an insect. Some pieces float, others sink in 

* Rogers cand Auberts’ Industrial Chemistry. 

t A Method of Analyzing Shellac, Mcllhincy, Jour. Am. Ch. Soc'., igo8, 
p. 867. For “Shellac Analysis,” sec Langmuir’s method, using glacial 
acetic acid and Wijs’ solution and titrating with N/io sodium thiosuIi)hate, 
Jour. Amer, Chem. Soc., 1907, p. 1221; also Jour. Soc. Chem. liid., 1911, 
p. 786. 
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water. Hardest and heaviest of resins. Sp. gr. approxi- 
mately 1.096. M. P. 120° to 300° C. 

Raw Condition: — Unfit for varnish making. Insoluble 
in alcohol, ether, chloroform, carbon bi-sulphide, benzol, 
petrolic ether, turpentine, etc. 

Heated to Fusion Only: — Advantageous for varnish. 
Soluble in alcohol, turpentine, oils, etc. 

After Melting: — Partial decomposition. Insoluble in 
alcohol. Soluble in turpentine, hot linseed oil, petrolic 
ether, chloroform, benzol, etc. 

Heated above Melting-point: — Decomposes and gives off 
fumes of succinic acid and amber oil. 

Uses of Amber: — The larger and finer pieces are used 
for mouthpieces, beads, and combs; the raspings, shavings, 
and smaller pieces for varnishes. When rubbed it attracts 
light bodies — hence the word electricity, from the Greek 
“elektron^^ meaning amber. 

Gum Sandarac. Natural resinous exudate from certain 
trees in North Africa (Algeria). Yellowish-white, hard, 
clean, lengthy tears. Sp. gr. 1.03 to 1.04. M. P. C. 
Soluble in warm alcohol (clear solution) and slowly soluble 
in acetone. Imperfectly soluble in turpentine, yielding 
cloudy solution, hot or cold. Hardly soluble in benzol, 
hot or cold. Insoluble in hot carbon tetrachloride. After 
fusion, it is soluble in oil. 

Uses: — Used for spirit and oil varnishes, incense, etc. 

Gum Mastic. From Mediterranean countries (Turkey). 
A resinous exudate from the lentisk tree. Yellowish, 
brittle, glassy, rounded drops. Resembles sandarac some- 
what, but softens easily in the mouth, and may be chewed 
or masticated. Solubilities also different. Sp. gr. 1.05 
to 1.06. M. P. 105° to 120^ C. Incompletely soluble in 
hot alcohol (cloudy). Imperfectly soluble in acetone 
(cloudy-white). Quite soluble in hot turpentine (clear 
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solution). Quite soluble in hot benzol, in hot carbon tetra- 
chloride, also in hot linseed oil. 

Uses : — Used for picture varnish, incense, tooth cement, 
and in Turkey as a chewing-gum. 

Common Rosin, or Colophonium. The solid residue 
obtained from the distillation of turpentine. Color varies 
from pale amber to dark brown or black. Essentially 
abietic anhydride, readily hydrolyzed to abietic acid, 
C44H64O6, but may also contain sylvic acid, C20H30O2.* 
Sp. gr. 1.04 to 1. 1. M. P. 100^ to 150° C. Soluble in 
alcohol, turpentine, ether, acetone, benzol, and in hot lin- 
seed oil. The hot alcoholic solution deposits sylvic acid 
on cooling. Soluble also in hot solutions of caustic or 
carbonated alkali, the latter producing a froth as CO2 is 
liberated, with formation of resinate. Rosin is used as a 
source for rosin oil and rosin spirit, produced by distilla- 
tion. 

Uses: — Used largely for cheap furniture varnishes, in the 
'^sizing” of paper, in the manufacture of laundry soap, as a 
flux for solder, and as a coating for casks. A clear solution 
in wood alcohol makes a cheap spirit varnish, which dries 
with a more sticky coat than shellac, which is harder. 
Rosin in alkaline solutions yields a brown coloration due to 
resinate. 

Burgundy Pitch. A resinous exudate from a species of 
conifers found in France. Yellowish brown lumps, more 
or less brittle and opaque, with resinous odor. Easily 
melted. Soluble in glacial acetic acid and in hot alcohol. 

Wood Tar. From the destructive distillation of wood 
in the manufacture of acetic acid. By distilling the tar 
in iron retorts a light oil and a heavier “creosote oil’^ arc 
obtained, the residue being used for shoemakers^ wax and 
axle grease. 


* Analyst, 1896, p. 261. 
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Pine Pitch, or Pine Tar. From the rough distillation of 
pine wood. Used for tarring rope and oakum. 

Caoutchouc, or Rubber Gum (India Rubber). (CioHi6)n- 
Obtained from the milky juice of various trees and plants 
in South America (Para), Borneo, Java, and Madagascar. 
Composed mainly of a hydrocarbon of the terpene series; 
nearly white when pure. Specific gravity (when pure) 
less than water. M. P. 125° C. The commercial product, 
in balls or cakes, is generally gray or brown from oxidation 
and impurities, is more or less elastic, and may have a sour, 
unpleasant odor. It is characterized by its colloidal nature 
and general insolubility, being insoluble in alcohol and 
unaffected by dilute acids or alkalies. 

The crude or unvulcanized material is slowly and par- 
tially soluble (swelling) in carbon bi-sulphide containing 
5 per cent absolute alcohol; somewhat in chloroform, 
acetone, toluol, and petrolic ether. The insoluble portion 
consists mainly of oxidized hydrocarbon which may vary 
from 30 to 70 per cent in Para rubber.* Anhydrous 
pyridin (B. P. 115° to 116° C.) has been recommended as a 
solvent by MacKensie.f Manufactured rubber { may be 
rendered soluble by treatment with: 

(1) Acetone, to remove resins, oils, etc. 

(2) Alcoholic potash, to remove oxidized fatty ^‘sub- 
stitutes.’' 

(3) Cold nitro-bcnzol, to remove asphalt or pitch. 

(4) Boiling nitro-bcnzol for solution, leaving a residue 
of mineral matter, 

Anilin at from 140'^ to iSo^^ C. (B. P. 183^^ C.), has been 
proposed also as a solvent, the solution lacing treated with 
dilute acid to separate the rubber as a tough mass. Hot 

* J.S.C.T., IQOO, i>. 215. 

t Jour. Tnd. and lOng. Chemistry, 1909, p. 361. 

t J.S.C.L, 1903, p. 339. 
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or boiling nitro-benzol (B. P. 205° C.) is one of the best 
solvents, although (from the writer’s experience) the ma- 
terial in solution may become partially blackened or car- 
bonized. The higher the boiling-point of the solvent the 
quicker its action. 

Pure rubber, freshly cut, readily coalesces. It loses 
elasticity on heating, becomes brittle on chilling, and is 
destroyed by concentrated acids, chlorine gas, and bromine. 
Mixed or rolled with sulphur, antimony sulphide, barytes, 
pigments, “substitutes,” etc., it may be made into any 
shape and afterwards vulcanized by heating, or, by cold 
immersion in a solution of sulphur chloride and carbon 
tetrachloride. Vulcanizing increases elasticity and insolu- 
bility, but lessens durability and adhesiveness. Little of 
the sulphur combines chemically, the rest being in ad- 
mixture. Hard rubber contains an excess of sulphur and 
“filler,”, baked at 150° C. 

Uses: — Rubber cement, tubing, matting, boots, fabrics, 
insulation, etc. 

Gutta Percha. (CioHi6)n, C20H32O, etc. Closely related 
to caoutchouc, but from the latex of a different tree in the 
Malay Archipelago. Less elastic than rubber, and harder. 
Softens in hot water and melts at about 120° C. Soluble 
in chloroform, hot toluol, benzol, etc. 

Contains a resin “Albane,” soluble in hot alcohol; also 
a resin “Fluavile,” soluble in cold alcohol and in acetone; 
also “Gutta,” precipitated by or insoluble in acetone.* 

Uses : — Dental fillings or cements and for insulating 
material. 

Rubber Substitutes. Made from corn oil, linseed oil, 
and similar vegetable oils by action of sulphur or sulphur 
chloride, the latter producing a light spongy mass. Some- 
what elastic, but friable, and lacking in resiliency. 

* J.S.C.I., 1902, pp. 1351, 1368. 
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Uses: — Used in admixture with gums, pitch, and old 
rubber. 

Gum Chicle. (Balata.) Chewing-gum. From the milky 
sap of achras sapota, a tree in Yucatan. Exported from 
Mexico. The best grades are nearly white and clean, but, 
if overheated, a red gum is produced. Consists of an 
oxidized hydrocarbon, closely related to caoutchouc. 
Softens in the mouth, and is tasteless but aromatic when 
heated. Sp. gr. 1.05. Soluble in chloroform, carbon 
tetrachloride, benzine, and somewhat in alcohol* 

Uses: — Transmission belts, dental surgery, substitute 
for gutta percha, and more especially for chewing-gum. 

Bitumens 

Asphalt. Known to the ancients in Judea and Egypt, 
but at present obtained mostly from Trinidad. The purer 
grades are brownish black and lustrous with conchoidal 
fracture. Sp. gr. about 1.2. M. P. 100° to 150° C. Burns 
with smoky flame and mild tarry odor. Partly soluble 
in turpentine (“ asphaltene ^ 0 - Partly soluble in petrolic 
ether (“pctrolene”). Soluble in acetone, benzol, carbon 
bi-sulphide, and hot linseed oil. Insoluble in alcohol or 
water, and not attacked by caustic lye, acids, or chlorine. 

Uses: — Used for black varnishes, japans, protective 
coatings for tanks, paving material, paint, insulation, etc. 

Coal-tar Pitch. The black residuum from the distillation 
of tar oil or crude creosote. Contains considerable free 
carbon with bituminous matter and some anthracene and 
phenanthrene. Either soft or hard according to extent of 
distillation. Sp. gr. about 1.3. M. P. about 120^ C. 
Soluble in benzol, carbon bi-sulphide; less so in alcohol. 
Not so soluble in petrolic ether as asphalt. 

Uses: — Used for roofing, pipe coating, paving, etc. 

* U. S. Dispensatory; and J.S.C.I., 1902, p. 438, also 1903, p. 1358. 
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Gilsonite. Lustrous, black, hard, bituminous substance 
with conchoidal fracture. Found in Utah. Fuses easily in 
flame of candle. Sp. gr, 1.07. Insoluble in alcohol. Sol- 
uble in turpentine. 

Uses: — Used for varnishes, brick coatings, insulation, 
etc. 

Albertite. Jet-black bituminous solid from New Bruns- 
wick. Slightly fusible with odor. Generally insoluble. 

Grahamite. Dull-black solid from West Virginia. 
Softens and smokes like coking-coal at about 200° C. 
Insoluble in alcohol. Soluble in turps, chloroform, etc. 

CARBOHYDRATES 

Cane Sugar, Sucrose. Saccharose. C12FI22O11. Iden- 
tical with beet sugar and maple sugar, the taste of the 
latter being due to agreeable impurities. Cane sugar 
melted at 160° C. and rapidly cooled forms ^‘barley sugar, ’’ 
an amber-colored solid. Heated to about 215° C. water 
is expelled and a dark-brown ‘"caramel” remains. Boiled 
with dilute acids “invert sugar” is produced consisting 
of equal parts of dextrose and levulose. Soluble in glyc- 
erine, dilute alcohol, and aqueous solutions. Inverted by 
citric acid.* Insoluble in absolute alcohol, ether, chloro- 
form, carbon bi-sulphide, petrolic ether, and turpentine. 
Does not reduce Fehling^s copper solution direct. 

Uses: — Universal sweetening agent, and in the form of 
“caramel” for coloring whiskies. 

Invert Sugar. Equal molecular weights of dextrose and 
levulose produced by action of heat, acids, or diastase on 
cane sugar; an uncrystallizable syrup having a sweeter 
taste than cane sugar and existing in fruits, honey, and 
molasses. Chemically and optically it behaves like a 
mixture of dextrose and levulose. 


Sec Milk Sugar. 
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Dextrose. C6H12O6.H2O. Less sweet than cane sugar. 
Occurs with levulose in honey and various fruits, as much 
as 15 per cent in grapes. Crystallizes from aqueous solu- 
tions, but anhydrous from hot methyl alcohol It is an 
important constituent of glucose,” the amount depending 
on the method of preparation, as by boiling starch or dex- 
trin with dilute acid, when continued boiling results in the 
formation of ^^solid” dextrose or '^grape sugar.” May 
also be obtained from glucosides, as amygdalin, salicin, etc. 
It reduces Felling’s solution, and rotates plane of polarized 
light to the right (“dextrorotatory”). Dextrose is soluble 
in alcohol in distinction from starch and dextrin, which are 
precipitated (insoluble) . 

Levulose. Fi'uit sugar. C6Hi206.H20. Isomeric with 
dextrose, with which it occurs in honey and fruits. Ob- 
tained from cane sugar by “inversion” — but not from 
glucosides. Its aqueous solution is slightly sweeter than 
the same strength solution of cane sugar and much sweeter 
than one of dextrose. Very soluble in water, and crys- 
tallizes from alcohol in the anhydrous form. It reduces 
Fehling’s solution, and rotates the plane of polarized light 
very strongly to the left; hence, the name, levulose, from 
“hevorotatory ” properties. 

Commercial Glucose. Starch sugar. Constituents: dex- 
trose, maltose, and dextrin. Two forms: syrupy or liquid, 
and the solid anhydrous glucose known as “grape sugar.” 
Produced hy the action of dilute acid on potato, rice, or 
corn starch. The true glucose syrup is not very sweet, 
almost tasteless, slightly yellowish, and viscous. 

Uses: — Confectionery, taljle syrups, and artificial honey; 
also as a brewer’s malt substitute, and as a “body” for 
certain natural dyewood extracts, such as logwood and 
tannin. Has also been employed in the reduction of 
* Thorp, Ind. Chem., iSgg, p. 365. 
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indigo to the soluble indigo-white,” from which the indigo 
can be reproduced by oxidation. 

Molasses. The molasses from raw sugar usually contains 
a large amount of invert sugar. Molasses from beet sugar 
is comparatively free from “invert,” but contains raffi- 
nose. Refined syrup may contain about 35 per cent of 
sucrose. Sorghum molasses, well-known in the western 
part of the United States, possesses a somewhat different 
taste, perhaps not so palatable as the cane-sugar molasses. 

Raffinose. CeHuO?. From beets. Not fermentable. 
Has a high rotation. Does not reduce Fehling’s solution. 

Malt. (See maltose.) This is barley which has been 
steeped and allowed to germinate, the “starchy” material 
being converted into maltose, or “malt sugar,” and dextrin 
through the action of the diastase ferment naturally present. 
The action of the ferment is checked at the proper stage by 
kiln-drying. 

Maltose. C12H22O11.H2O. The action of diastase on 
malt, maize, or rice produces maltose and dextrin, but not 
dextrose or other form of glucose. Maltose, by itself, may 
be converted into dextrose by heating with dilute acid; or 
into dextrose and alcohol by yeast fermentation. When 
a mixture of maltose and dextrin is fermented together 
with yeast, the dextrose disappears before the maltose is 
attacked."^' Maltose reduces Fehling’s solution, but not to 
the same extent as dextrose. Heated with dilute acid it 
is slowly converted into dextrose, the action being slower 
than in the case of cane sugar. Maltose is less soluble in 
alcohol than cane sugar. An "^Tmpurc maltose” is pro- 
duced by the action of a ^hnalt infusion” on starch. 

Milk Sugar. Lactose. Ci2H220ii,.H20. Isomeric with 
maltose. Dextrorotatory. By “hydrolysis,” or boiling 
with dilute mineral acid, it gives galactose and sucro- 
* Allen, Vol. I, 1898, p. 265. 
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dextrose, both of which are dextro-glucoses, the rotation 
thereby being increased. Unlike sucrose, it is not inverted 
by citric acid. Milk sugar occurs in human as well as cow^s 
milk, and in the milk of other mammals (goat, elephant, 
dog, mare, porpoise, etc.). It is less sweet than cane sugar, 
and also less soluble in water (in six parts cold water). 
Insoluble in alcohol or ether. Reduces Fehling’s solution 
readily on heating (distinction from sucrose), but does not 
reduce Barfoed’s cupric acetate reagent (distinction from 
glucose). Rapidly reduces ammoniacal silver nitrate, 
hence employed in silvering glass. 

Starch. (CQHioOs)^. A polysaccharide. Obtained from 
potatoes, corn, wheat, rice, arrowroot, sago, etc. Sepa- 
rated from gluten and fatty matters by first softening with 
water, then crushing, treating with alkali, settling (leviga- 
tion), draining by centrifugal, etc. Insoluble in cold water, 
alcohol, or ether. Heated with water to 8o° C., the granules 
swell or burst, yielding a gelatinous solution, which forms 
a dark blue body or color with free iodine — not a definite 
compound but known as '^iodized starch,^' much used as an 
^‘indicator” in volumetric analysis. The pasty starch 
solution deteriorates on standing, forming “erythro- 
dextrin” which gives a violet or reddish-brown color with 
iodine. On long exposure to the air, lactic acid is formed.* 
A solution of caustic potash (3 per cent strength) causes 
starch to swell in the cold to a paste. ‘^'Soluble starch’^ 
may be formed by triturating starch with two-thirds its 
weight of cold concentrated sulphuric acid and, after a 
time, washing and filtering with alcohol to remove the acid. 
In this form it is soluble in cold water, forming a syrupy 
liquid or colloidal paste which is colored blue with iodine. f 

* Allen, Vol. I, p. 332. 

t See Prescott’s Proximate Organic Analysis, 1893, p. 164; also Rogers 
and Aubert’s Industrial Chemistry. 
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Starch solutions are precipitated by 50 per cent alcohol; 
also by tannin and baryta water (distinction from dextrin). 
Lead sub-acetate precipitates both starch and dextrin. 
Starch may be separated from gelatine and albumen by 
transforming the starch to glucose and washing out the 
latter with 90 per cent alcohol. It is easily transformed to 
glucose by boiling with dilute mineral acid. Converted 
by diastase ferment or by saliva into maltose and dextrin 
(means of distinction from gum arabic and other gummy 
substances). 

Uses: — Corn starch is used for both food and laundry 
work as well as for making glucose. Potato starch is much 
used in Europe. Wheat starch, independently of its food 
value, makes one of the best adhesives. Tapioca is derived 
from cassava starch. Rice and arrowroot starch arc much 
used for sizing and toilet powders. 

Dextrin. (C 6 Hio 06 )„. Amorphous white or yellowish 
powder or lumps. The commercial form, “British Gum,” 
may be made by moistening starch or flour with dilute 
nitric acid, slowly drying the paste, then heating for some 
time at ioo°-i25° C., until it acquires a brown or yellow 
color. Dextrin is also produced in the manufacture of 
glucose and in the fermentation of malt. It is strongly 
dextrorotatory. Soluble in cold water and in very dilute 
alcohol. Insoluble in absolute alcohol, which precipitates 
it from aqueous solutions. Insoluble in ether. Distin- 
guished from starch and “soluble starch” by giving no Ijlue 
color with iodine and no precipitate with tannic acid or 
baryta water. “ Erythro-dextrin ” occurring largely in the 
commercial dextrin gives a reddish brown coloration with 
iodine (as in the case of old starch solutions). Dextrin 
does not reduce Fehling’s solution direct nor Barf end’s 
cupric acetate reagent (distinction from glucose). Boiled 
with dilute mineral acids, it is converted into glucose, which 



CARBOHYDRATES 


47 


reduces Fehling’s solution. Distinguished from albumen 
by non-coagulation with heat and non-precipitation with 
tannin. 

Uses: — Used largely for gumming postage stamps and 
for library pastes; as a substitute for gum arabic and in 
the printing of fabrics. 

Cellulose. CgHiqOs. Cellular tissue of plants, the main 
constituent of cotton, linen, wood-pulp, filter paper, etc., 
and closely related to starch. Wliite, tasteless, and odor- 
less. Sp. gr. 1.5. Insoluble in water and ordinary sol- 
vents. Soluble in an ammoniacal solution of cupric oxide 
(Schweitzer’s reagent) prepared by precipitating a solution 
of copper sulphate with caustic soda, then washing the 
precipitate thoroughly and dissolving in the least amount 
of concentrated ammonia, yielding a blue solution. For 
raw cotton, first treat with concentrated caustic soda until 
fibres swell and become translucent, then press out liquid 
and apply reagent to the ^^mercerized” cotton. Wood- 
pulp ground with solid caustic soda forms alkali-cellulose 
which, on treatment with carbon bi-sulphide, yields cellu- 
lose xanthate soluble in water to a viscous solution ^ Vis- 
cose.”* Cellulose is dissolved by concentrated sulphuric 
acid to a viscous solution, which, on dilution with water, 
forms an amorphous body, amyloid. (Basis of vegetable 
parchment from unsized paper.) Digested with a con- 
centrated zinc chloride solution, cellulose dissolves to a 
syrupy liquid which, by passing through small orifices into 
alcohol, may be precipitated as a thread. (Basis of carbon 
filaments for incandescent lamps.) Heated with acetic 
anhydride at tSo'’ C. in a closed tube, cellulose forms the 
tri-acetate. Iodine alone gives no coloration with cellulose; 
but, in conjunction with concentrated sulphuric acid, a 
solution of iodine in potassium iodide gives a blue color. 

* Matthews’ Textile Fibres, 1907, p. 263. 
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(Due to amyloid.) Boiled with strong nitric acid, cellulose 
is oxidized to oxy-cellulose and oxalic acid; but, in pres- 
ence of concentrated sulphuric acid, the action is wholly 
different, various nitrated products or pyroxylins being 
produced. 

Pyroxylin, Soluble guncotton. A mixture of tetra- 
and penta-nitrates of cellulose, Ci2Hi60c(0.N02)4 and 
Ci 2 Hi 506 ( 0 .N 02 ) 6 . Prepared by dipping cotton in a warm 
mixture of saltpeter (2 parts) and concentrated sulphuric 
acid (3 parts), washing, drying, etc.* Soluble in a mixture 
of ether and alcohol, forming the so-called “ collodion^’ used 
in photography. 

Uses: — Its solubility in a mixture of methyl alcohol, 
amyl alcohol, and amyl acetate forms the basis for manu- 
facture of photographic films, celluloid varnishes, bronzing 
liquids, lacquers, and “liquid skin” preparations for cuts 
and wounds. Also used in “smokeless powders.” Its 
solution in brom-nitro-toluol is stated to give an elastic 
body resembling India rubber. Dissolved in molten cam- 
phor, it forms celluloid. 

Guncotton. (Insoluble.) Cellulose hexa-nitrate, 
Ci2Hi 404(0.N02)6. Insoluble in alcohol and ether; swells 
in nitro-benzol. Prepared in a cold mixture of nitric and 
sulphuric acids. Explodes by detonation and spontaneous 
decomposition. 

Fehling’s Sugar-test Solution 

Fehling’s solution is a mixture of two solutions: equal vol- 
umes of copper sulphate and alkaline tartrate solutions. f 
On mixing, a light-blue precipitate is formed, which f|uickly 
dissolves to a dark-blue liquid. The solutions are kept in 
separate bottles. 

* Richter’s Organische Chcmic. 
t Allen’s Chemistry of Urine, 1895, p. 59. 
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No. I. — Copper sulphate (CUSO4.S H2O) . . . 34.64 grams. 
Dissolve by heat in 200 c.c. distilled 
water, filter, cool and make up to 
500 c.c. 

No, 2. — Rochelle salt (potassium sodium 

tartrate) 180 grams. 

Dissolve in 300 c.c. hot distilled 
water and filter. Add 100 grams 
C. P. caustic potash (or 70 grams 
caustic soda). Cool and make up 
to 500 c.c. 

For use mix 5 c.c. each, Nos. i and 2, in a large test-tube 
or casserole, so that a 10 c.c. mixture is equivalent to 
0,05 gram glucose, 0.0475 gram cane sugar (by inversion), 
0.0678 gram lactose, 0.045 gram starch (by inversion), or 
0.082 gram maltose. 

Dilute with 40 c.c. water, boil, and add sugar solution 
drop by drop until all copper is precipitated as red CU2O. 

End Reaction: — Clear supernatant liquid should no 
longer give a brown color with ferricyanide and acetic acid 
indicator. 

Reduced by invert sugar, dextrose, levulose, maltose, 
milk sugar, chloroform, chloral, acetaldehyde, salicylic 
acid, uric acid, xanthine, creatinine, etc. 

Not reduced by cane sugar (direct), raffinosc, dextrin, 
or cellulose; nor by alcohol, glycerin, phenol, benzaldehydc, 
urea, saccharin, or acetic, lactic, oxalic, and sulphurous 
acids; nor by starch (direct). 

Interfering agents, as albumen, creatinine, xanthine, 
uric acid, coloring matter, etc., should be removed before- 
hand by the cupric acetate modification of Fehling’s method 
proposed by Allen. 

Impurities may also be removed by adding little dry lead 
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acetate, transposing excess lead with measured quantity 
of the Fehling copper-sulphate solution, forming cupric 
acetate and insoluble lead sulphate, filtering, washing, and 
adding equivalent alkaline tartrate solution, when, on 
heating, a brilliant red reduction should occur in presence 
of reducing sugar. Cane sugar (sucrose) must be inverted 
beforehand by boiling a few minutes with a few drops 
of concentrated hydrochloric acid, then neutralizing, etc. 
Likewise with starch. 

Pavy’s Ammoniacal Sugar-test Solution 

This solution is one-tenth the strength of Fehling^s, from 
which it may be prepared by mixing: 

120 c.c. Fehling’s solution. 

300 c.c. concentrated ammonia (sp. gr, 0.9). 

100 c.c. 10 per cent caustic potash solution. 

Make up with distilled water to 1000 c.c. 

Of this, 100 c.c. is equivalent to 0.050 gram glucose, 
and 10 c.c. is equivalent to 0.005 gram glucose. 

Pavy^s reagent is simply decolorized on heating with a 
glucose solution, without precipitation of cuprous oxide. 

The ratio of reduction represented by the Fehling and 
Pavy reactions is 6 : 5 CuO, due to infiuence of fixed 
alkali and ammonia; hence, 120 c.c. Feliling’s (instead of 
100 c.c.) is employed to obtain an equivalent for Pavy's 
solution. 

After reduction to colorless condition, it gradually oxidizes 
to original blue on exposure to air. For accuracy, the air 
should be excluded during the test, using a small flask 
connected with a burette by means of tubing and rubber 
stopper and provided with back pressure and exit tubes, 
the latter dipping into water. 

Adapted for testing diabetic urine and impure saccharine 
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liquids, especially after clarifying with mercury bi-chloride 
and removing excess mercury by boiling with zinc dust. 

Barfoed’s Cupric Acetate Test eor Glucose 

Useful as a qualitative test for distinguishing glucose 
from milk sugar and maltose. 

Dissolve 9 grams crystallized copper acetate in i8o c.c. 
distilled water, add 0.2 c.c. (4 drops) 50 per cent acetic 
acid, and make up to 200 c.c. Place 5 c.c. reagent and 5 c.c. 
solution to be tested in a test-tube, and heat in a water- 
bath 3 1 minutes. Note any reduction color against a 
black background. Sensitive to -^-1-0 per cent dextrose 
and per cent maltose. Dextrin, cane sugar, and milk 
sugar give no reduction except on hydrolysis from prolonged 
heating. 

Proteids, if present, are precipitated rendering test less 
sensitive.* 


ALBUMENOIDS OR PROTEIDS 

These are nitrogenous bodies occurring in both the 
animal and vegetable kingdoms. All proteids contain 
similar proportions of carbon, hydrogen, nitrogen, and oxy- 
gen, with some sulphur. Hccmoglobin and ha^matein have 
iron besides sulphur. Nuclein and casein have phosphorus 
besides sulphur. Turacin (red feathers of turaco) contains 
copper. Gelatine differs from proteids in containing little 
or no sulphur. t 

Animal Albumenoids. Common examples arc blood 
albumen, egg all^umcn, casein, etc., which are generally 
soluble in water, especially if slightly alkaline. Egg albu- 
men is soluble in cold water, but is coagulated and pre- 
cipitated on heating and by metallic salts. It is insoluble 

* Consult Sherman’s Organic Analysis, 
t Allen, Vol. IV, 1898, p. 14. 
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in alcohol. Casein, naturally present in milk, is coagulated 
by ‘^rennet,” but not by boiling (distinction from milk 
albumen which is coagulated by boiling but not by “ ren- 
net ^0- III mjikj the casein exists apparently in suspension 
as if emulsified; and, although insoluble itself in pure 
water, it becomes soluble in presence of alkali and strong 
acids. 

Vegetable Albumenoids. These occur in both soluble 
and insoluble forms, prominent in composition of cereals. 
Gluten is an insoluble form present in wheat flour, less in 
barley or rye. Soluble vegetable albumen is coagulated 
by heat. Cerealin is a soluble nitrogenous ferment” 
present in wheat bran, converting starch into dextrin and 
thus acting like a malt extract. Hence, bran is objection- 
able in flour. 

Dried Casein, A proteid, obtained from cow’s milk by 
removing fat, precipitating curd with dilute mineral acid, 
washing, drying, etc. A whitish or yellowish substance 
which swells in hot water without dissolving. It is soluble in 
weak alkaline solutions, as dilute ammonia or lime water. 
Soluble in strong acetic acid. Soluble in dilute acids, as 

of I per cent HCl, but is insoluble in i per cent HCL"' 
It is quite soluble in concentrated HCl with violet colora- 
tion. Insoluble in alcohol or ether. A dilute alkaline 
solution of casein, when boiled, forms a “scum” as in the 
case of milk. An alkaline solution of casein mixed with 
formaldehyde yields, on evaporation, a thin translucent 
film impervious to water. 

Uses: — A mixture of casein and slaked lime has been 
employed as an earthenware cement; sets hard and is 
insoluble, well adapted for filling cracks. 

On account of its general impervious and adhesive 
properties, casein has to some extent been employed as 
* Allen, Vol. IV, 1898, p. 100. 
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a paint vehicle and substitute for shellac. It may be 
superior to shellac as a protective and moisture-proof 
coating; but, like other nitrogenous animal substances, 
the aqueous mixture is liable to putrefy urdess precautions 
are taken to prevent putrefaction by adding some agent, 
as formaldehyde, which would not only act as a preserva- 
tive but would also render the coating harder and more 
impervious to moisture. A 5 per cent solution of casein 
in dilute ammonia water (i : 12) — dissolved at 70^ C. — 
gives a varnish mixture. The casein coating has a rough 
surface, which may be improved somewhat by adding a 
little glycerine and yolk of egg to the mixture as well as 
formalin. Casein has also been employed as a substitute 
for horn and rubber in the manufacture of buttons. 

Gluten. A mixed vegetable proteid from wheat, con- 
taining glutenin and gliadin.* Insoluble in cold water; 
partially soluble in boiling water and alcohol. Glutenin is 
soluble in boiling alcohol (0.890 gr.). Gliadin is insoluble in 
absolute alcohol, but quite soluble in 70 per cent alcohol. f 
Soluble salts assist in the formation of gluten. The gliadin 
imparts sticky binding properties, while the glutenin gives 
solidity. One part gliadin mixed with 10 parts starch forms 
a soluble dough, but no gluten. J 

Gluten is extracted from wheat flour by moistening the 
flour with cold water, kneading into a dough, placing be- 
tween folds of cloth, and washing out starch in a stream of 
water, thereby leaving a sticky plastic mass very rich in 
nitrogen. The operation may, perhaps, be more easily 
performed in a cloth (muslin) bag, fastening the edges of 
the bag over a faucet, and allowing a stream of water to 
percolate through the flour in the bag, leaving the gluten 

* Comm. Org. Anal., 1898, Vol. IV, p. 82. 
t Ibid., pp. 79, 81. 
t Ibid., p. 82. 
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behind as a sticky residue. For moist determination * lo 
grams of sample in a porcelain dish is moistened with 6 or 
7 c.c. cold water, kneaded into a ball without sticking to the 
dish, and allowed to stand one hour. Then, with the mass 
in hand, knead in a stream of water until starch and solu- 
ble matter are washed out. Place in cold water one hour, 
then remove and press between the hands until dry as 
possible; roll into a ball and weigh. For dry gluten place 
the weighed ball of moist gluten in an oven at the temper- 
ature of boiling water for 21 hours. After cooling, weigh. 

Proteoids, or Collagens 

Gelatine. Cio2Hi6iN3i03o- An example differing from the 
proteids in that it contains little or no sulphur. Obtained 
by boiling hoofs, tendons, etc., of animals. Swells in cold 
water on standing. Soluble in hot water, forming a jelly on 
cooling. Soluble in warm concentrated acetic acid forming 
a strongly adhesive paste. Solutions of gelatine arc “ colloi- 
dal,'’ that is, non-crystallizable and of low diffusion power 
and may be freed from salts by dialysis through parch- 
ment. Gelatine is insoluble in alcohol, ether, chloroform, 
benzol, oils, etc. Potassium bichromate renders aqueous 
gelatine insoluble on exposure to light, a fact utilized in 
photomechanical processes. Potassium ferro- or ferri- 
cyanide does not precipitate gelatine from its solution (dis- 
tinction from albumen). Tannin precipitates gelatine from 
its solution in water and vice-versa, one serving to detect 
the other. Formalin added to a warm concentrated solu- 
tion of gelatine, stirred, evaporated, etc., produces formo- 
gelatine which is quite insoluble in hot water. 

Isinglass. (Fish glue.) Prepared from the swimming 
bladders of hsh. It is a pure collagen — white, translu- 

* Bulletin No. 45, U. S. Dep’t of Agriculture, Analysis of Cereals, p. 10 . 
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cent, and fibrous — and has the property of swelling up in 
cold water. It is employed as a clarifying agent for wines, 
beers, and other liquids. Transformed into gelatine by 
heating with water. 

Glue. Glue is practically an impure gelatine, possessing 
similar properties and solubilities. 

N,B. — Agar-agar from a variety of seaweed is a gelatine 
substitute, having similar physical properties but contain- 
ing very little nitrogen. It contains gelose, (CgHioOs)^?, 
with some pectin, and has a greater gelatinizing power than 
isinglass. 


OILS, FATS, AND WAXES 

Saponifiable Material (as compound ethers ’ 0 - Glyc- 
erides, containing “glyceryl radicle,” such as butter fat, 
lard tallow, linseed oil, Japan wax, etc. Non-glycerides, 
containing other alkyl groups, as spermaceti, sperm oil, 
beeswax, Chinese wax, oil of wintergreen (methyl sali- 
cylate), etc. 

Non-saponifiable Material (no soap formed). Petroleum 
compounds, such as mineral oils, paraffin, ceresin, ozo- 
cerite, vaseline, kerosene, etc. 

Alcoholic bodies, as cholesterol and phytosterol, and oil 
of geranium (gcraniol) , CioHnOH. 

Aldehydes, as oil of bitter almonds (benzaldehyde), 
CfiPIs.CPIO, and oil of cinnamon (cinnamic aldehyde), 
C6H5.C2H2.CHO. 

Phenol derivatives, such as tar oils, also oil of anise 
(ancthol), and oil of sassafras (safrol). 

Camphors, as oil of peppermint; and terpenes, as oil of 
turj)en tine,. cloves, lemon, lavender, bergamot, etc. 

Saponification. The quantity of caustic potash required 
for the saponification of most oils and fats averages about 
20 per cent of the weight of the sample, with the excep- 
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tion of castor (17.8 per cent), rape (17.5 per cent), and 
sperm (13.5 per cent). Mineral oil has no saponification 
figure. Lard, tallow, stearin, olein, palmitin, oUve oil, 
corn oil, cottonseed oil, sweet almond oil, cacao butter, 
etc., all these have practically the same saponification 
figure, varying from 19 per cent to 20 per cent. There- 
fore, the weight of caustic potash required, multiplied by 
five, approximates the weight of the oil or fat which has 
been saponified. The soap formed is a salt of the charac- 
teristic fatty acid. 

Glycerides. These are fatty compounds containing a 
glyceryl’^ radicle, the name being applied to those fats 
and oils which yield glycerol on saponification, such as: 

Tri-butyrin in butter. 

Tri-olein in olive and almond oils. 

Tri-stearin in tallow, lard, and cacao butter. 

Tri-palmitin in palm oil and lard. 

Tri-linolin in linseed oil. 

Tri-ricinolin in castor oil. 

Tri-laurin and tri-palmitin in Japan wax (not a true wax). 

Non-glycerides. Under this name are included those 
fats and waxes which do not yield glycerol on saponifica- 
tion as: 

Cetyl palmitate in spermaceti. 

Ceryi cerotate in Chinese wax. 

Myricyl cerotate in carnauba wax. 

Myricyl palmitate in beeswax. 

Do-decatyl oleate in sperm oil (a liquid wax). 

SAPONIFICATION REACTIONS 

C3Hb(C 4H702)3 + 3 KHO - 3 KC4H7O2 + C3lIr,(OH)7. 

Butyrin Glycerine 

CsHeCCioHsA)^ + 3 KHO = 3 KC10H31O2 -C C,H,(OH)3. 

Palmitin Glycerine 
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C 3 Hb(Ci 8 H 3502)3 + 3 KHO = 3 KCisHssOa + CsH 5 (OH) 3 . 

Stearin Glycerine 

C 3 H 6 (Ci 8 H 3302)3 + 3 KHO = 3 KC18H33O2 + C3H5(0H)3. 

Olein Glycerine 

C16H33C16H31O2 + KHO = KCieHsA + CisHssOH. 

Spermaceti Cetyl alcohol 

CsoHMCieHsA + KHO = KCieHsiOa + CsoHmOH. 

Beeswax Myricyl alcohol 

CH3OOC . C3H4OH + KHO = KOOC . C0H4OH + CH3OH. 

Wintergreen oil Potassium salicylate Methyl alcohol 

(Methyl salicylate) 


The saponification test not only serves for the detection 
of fatty oil in presence of mineral oil, but, in conjunction 
with other tests, affords a means of identification and esti- 
mation of purity owing to different molecular weights of 
the fatty acids involved. The following exhibit differ- 
ences. 


Castor oil 17. 8% KHO. 

Rape oil 17 . 5% KHO. 

Sperm oil 13 . 5% KHO. 

Spermaceti 12 . 7% to 13% KHO. 

Tallow 19 . 3% to 19 . 8% KHO. 

Beeswax 9 . 2% to 9 . 7% KHO. 

Japan wax 21.0% to 22 . 2% KHO. 

Linseed oil 18 . 74% to 19 . 52% KHO. 


The Koettstoreer Process 

The Koettstorfer figure, or saponification number, is the 
number of milligrams of caustic potash (KHO) required to 
saponify one gram of the oil, fat, or wax; that is, to neu- 
tralize the total fatty acids, free or combined, derived from 
one gram of the substance. The per cent KHO is the 
Koettstorfer figure. 

The ^^saponification equivalent’’ (proposed by Allen) 
represents the number of grams of oil or fat saponified 
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by 56.158 gritns of caustic potash or by the molecular 
equivalent in grams of any alkali. It may be derived by 
dividing 56158 (the number of milligrams KHO in one 
litre normal solution) by the Koettstorfer figure. In the 
case of triglycerides the ^^saponification equivalents^ is one- 
third the mean molecular weight of the glycerides as such. 

The ^^saponification equivalent increases as the Koetts- 
torfer or saponification number decreases. 

Method: — Use two Erlenmeyer flasks (250 c.c. each) ; one 
for sample, the other for control. Weigh about 5 grams 
fat or oil in one flask, add 50 c.c. alcoholic potash (made by 
dissolving 20 grams C. P. caustic potash in 500 c.c. alcohol, 
previously purified from aldehyde by treatment with 
permanganate and distillation over CaCOa, and using a 
clear solution only), connect with reflux condenser, and 
boil thirty minutes, or until saponification is clear. At 
the same time run a blank test on 50 c.c. alcoholic potash 
alone. Cool the flasks, add phenol-phthalein indicator, 
and titrate each with N/2 hydrochloric acid. The differ- 
ence between the number c.c. acid required for sample and 
that required for blank represents an equivalent in acid for 
the alkali consumed in saponification, thus: i c.c. N/2 HCl 
contains 0.01823 HCl, equivalent to 0.02808 gram 

KHO, which, multiplied by difference in cubic centimeters 
N/ 2 acid, gives the weight of KHO consumed from which 
the per cent caustic potash and the Koettstorfer figure 
may be determined. 

Acid Number and Ester Number 

The “acid number” represents the number of milligrams 
of caustic potash required to neutralize the free fatty acids 
in one gram of the sample. The “Ester number” repre- 
sents the difference between the Koettstorfer figure and 
the “acid number.” 
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To determine the ‘^acid number/^ first neutralize a 
quantity of 95 per cent alcohol with dry sodium carbonate 
(insoluble in alcohol) until faintly pink to phenol-phthalein; 
then filter and reserve. For the test, shake 5 grams of 
the oil or fat with 50 c.c. neutralized alcohol, and heat to 
boiling one minute. Any acidity discharges the pink color 
immediately. The warm alcohol takes up the free fatty 
acid, which may be titrated with N/io alkali and calcu- 
lated to oleic or stearic acid, as the case may be. 

Reichert Distillation Process tor Volatile Fatty 

Acids 

An arbitrary method for determining the volatile fatty 
acids in various oils or fats, such as butter fat. 

The operation should be performed on a sample of the 
clear fat or oil. Weigh exactly 2.5 grams of this fat or oil 
in a 200 c.c, Erlenmeyer flask (containing a platinum spiral 
to prevent “bumping” during heating) and saponify with 
20 c.c. 70 per cent alcohol containing i gram KHO. Evapo- 
rate all alcohol, using suction if possible. 

Dissolve with 50 c.c. water, and add 20 c.c. dilute 
H2SO4 to liberate fatty acids. 

Distil through filter until 50 c.c. have passed over; then 
titrate with N/io alkali, using phenol-phthalein as indi- 
cator. 

The Reichert figure signifies the number of cubic centi- 
meters of N/io alkali to neutralize the first 50 c.c. dis- 
tillate. 

Butter fat requires ii.5toi5.o c.c. N/io alkali 

Oleomargarine requires — o. 2 to 0.5 c.c. N/io alkali 
Cocoanut oil requires 3 .0 to 5.0 c.c. N/ 10 alkali 

If necessary, the distillation may be carried further by 
adding water and distilling 50 c.c. each time. Titrate each 
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50 c.c. until no more acidity, and calculate to butyric 
acid. 

The insoluble fatty acids remain behind and may be 
weighed in the same flask as the original sample, tlius: 
wash with hot water; chill, and pour off aqueous solution; 
dry in hot-air bath, cool, and weigh. 

Butter fat seems to be a mixed glyceride as: oleo palmito 
butyric glyceride* 

CH2.O.C1SH33O 

I 

CH2.O.C10H31O 

1 

Chl2.0.C4H70. 


No butyrine can be dissolved out by alcohol, although 
butyric acid may be obtained by saponilication. 

Acetylization. Organic or fatty substances with alkyl 
hydroxyl groups, as alcohol, glycerine, castor oil, waxes, 
etc., when heated with acetic anhydride, form “acetylatcd” 
products, thus: 

GHeOH -I- (€21130)2.0 = C2H0.O.C2H3O H- CH3.COOH. 

(Alcohol) (Ethyl Acetate) 


C3H5.(0H)3-|-3(C2H30)2.0 

(Glycerine) =C3H5.(O.C2H30)3-|-3 CH3.COOH. 

(" Tri'Cetiii ”) 

Ci7H34{cOOH + (C2H30)2.0 


(Oxy-stearic Acid) 


= CnH34 


O.O2H3O 

COOH 


-t-CHa.COOH. 


(Acetyl-oxy-stcaric Acid) 


Use a round bottom flask and reflux condenser. 

Ten grams of sample fat, wax, oil, or glycerol are acetyl- 
ized” direct by boiling with 20 grams acetic anhydride 
for two hours. 

* Sec Oils, Fats, Waxes, etc., Alder Wright, 1894, p. 9. 



OILS, FATS, AND WAXES 


6i 


The mixture is then poured into 500 c.c. hot water, in 
a large beaker, and boiled thirty minutes, passing a cur- 
rent of CO2 to prevent bumping. Allow to separate into 
two layers, and siphon off aqueous portion. 

Repeat treatment, boiling the oily layer with fresh 
water three times in succession to remove last traces of 
acetic acid and testing the last portion with litmus. The 
^‘acetylated’^ material is freed from water and filtered 
through a dry filter paper in a drying-oven. 

Saponify 2.5 grams of the ^^acetylated” product with a 
known amount of standard alcoholic caustic potash (tested 
by blank). 

Evaporate almost to dryness, take up with water, and 
add an amount of standard H2SO4 exactly equivalent to 
KOH used for saponification. 

Warm gently until fatty acids separate, filter through 
wet filter, wash with hot water until washings are neutral, 
and titrate combined filtrate and washings (containing liber- 
ated acetic acid and soluble fatty acids) with N/io KOH, 
using phenol-phthalein as indicator. Deduct alkali re- 
quired for any soluble fatty acids in original substance 
(Reichert distillation). Calculate the acetyl number,’' 
which is the number of milligrams KOH required to neu- 
tralize acetic acid liberated from one gram ^^acetylated” 
fat or wax. 

Remarks: — In the original method of Bcnedikt and 
Ulzer the sample was first saponified, and only the insolu- 
ble fatty acids were taken for acetylizalion. No account, 
evidently, was taken of the soluble or volatile fatty acids. 

Various discrepancies in the acetyl number were observed 
which, according to Lcwkowitsch, might result from for- 
mation of fatty anhydrides, as lauric, palmitic, or stearic 
(independently of the acetylated hydroxy fatty acids) in 
the presence of an excess of acetic anhydride. 
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These fatty anhydrides remained unaffected by water 
treatment, but, subsequently, on neutralizing and saponi- 
fying with excess of alcoholic potash and back-titrating, a 
quantity of alkali was consumed equivalent to fatty acids 
formed through hydrolysis of the fatty anhydrides. 

Therefore, Lewkowitsch proposed a modified method 
similar to that already described, viz,, direct acetyliza- 
tion of the original substance.* 

In the examination of imsaponiliable matter from fats 
and oils, as well as certain waxes, tlic acetylization test 
may be used for estimating the amount of Iiigher alcoholic 
bodies or hydroxy substances by conversion into com- 
pound ethers, as cholesterol and phytosterol acetates and 
also cetyl and myricyl acetates, whereby the identification 
of a particular oil or wax, and its percentage in admixture, 
is rendered possible. 

For the analysis of glycerine Langmuir proposes the 
“Acetin Method,’^ using E.25 to 1.5 grams glycerine, 3 
grams anhydrous sodium acetate, and 7.5 c.c, C. V. acetic 
anhydride, heated in a 120-c.c. flask with upriglit Liclflg con- 
denser. The product, after filtering, washing, and neutraliz- 
ing in the cold, is boiled with known excess of N/i Na( 3 H, 
cooled, and back- titrated with N/i HCl; and the glycerol 
calculated from alkali consumed. Allowances are made 
for acetylizable impurities by treatment in a similar man- 
ner of the total residue obtained at 160° C.f 

Iodine Absorption. (liiibl Method.) The llubl ligure 
represents the number of grams of iodine absorbed by 100 
grams of the oil or fat. 

This is a useful test for many oils, as linseed, cotton- 

* Alder Wright, Oils, Fats, Waxes, etc., i8g..i, i)[). iHg-igo; also 
Lewkowitscli’s Oils, Fats, and Waxes, 1909; 1897, p. 503; 1900, 

p. 74. 

t Jour. Ind, & Eng. Chem., igii, p. 679. 
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seed, olive, etc., based on the fact that certain fatty oils, 
containing unsaturated carbon groups, have the property 
of absorbing halogens like iodine or bromine in proportion 
to the number of free “ bonds,'' thereby becoming ‘^satu- 
rated." 

Oleic acid takes up 2 atoms iodine. 

Ricinoleic acid takes up 2 atoms iodine. 

Linolic acid takes up 4 atoms iodine. 

Linolenic acid takes up 6 atoms iodine. 

For analysis it is customary to take: 

Drying oils 

Non-drying oils 

Fats 

Solutions required: 

No. I. lodo-mercuric. 

{a) 25 grams iodine in 500 c.c. 95% alcohol. 

(Jb) 30 grams HgCh in 500 c.c. 95% alcohol. 

To be mixed in equal portions — as 100 c.c. each {a) 
and (J) — 24 hours before using. 

No. 2. N/ 10 Na2S203.S H2O (“hypo” 24.8 grams per L.). 

No. 3. K2Cr207 (N/io oxidizing ratio) for standard- 

izing the No. 2. sodium thiosulphate solution. 

No. 4. 20 per cent potassium iodide solution. 

No. 5. Boiled starch “indicator" solution. 

No. 6. C. P. cone. H2SO4. 

As to standardizing the “hypo" with bichromate, the 
molecular weight of K2Cr207 is equivalent to N/io based 
on its oxidizing value. That is: i K2Cr207 liberates 3 I2, 
and 3 I2 oxidizes 6 Na2S203, therefore I K2Cr207 is equiva- 
lent to N/Na2S203.5 H2O, and i c.c. K2Cr207 equals i c.c. 
N/io Na2S203.s H2O, and i c.c. K2Cr207 equals i c.c. 
N/io iodine. 


o . 2 to o . 4 gm, 
0.3 to 0.4 gm. 
0.8 to I . o gm. 
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The molecular weight of K2Cr207 is 294.8, therefore each 
c.c. of its eV solution should contain 0.0049 gram of the 
bichromate, equivalent to 0.01265 gram iodine, and this 
in turn is likewise equivalent to 0.02480 gram “hypo.” 

Standardize the “hypo” by running a measured quantity 
of the bV bichromate from tire burette into a glass-stop- 
pered flask, adding a sufficient excess of KI solution, then a 
little concentrated H2SO4 to liberate iodine. Allow the red 
solution to mix (slightly warm from acid added), then 
titrate with the standard “hypo” until color is nearly dis- 
charged or yellow. 

A few drops of the starch solution arc then added, 
producing a grayish blue or slaty color from “starch io- 
dide,” which acts as an “indicator,” the bluish color being 
completely discharged on adding the last few drops of 
“hypo,” thereby completing the “end reaction.” 

Reaclion: ■ Ei2Cr207 -i- 6 Ivl -i- 7 H2SO4 = 5 la H” 4 K2SO4 
-f- Cr2(S04)3 -1- 7 H2O. And, 3 I2 -f 6 Na2S203 = 6 Nal -|- 
3 Na2S40a (sodium tetrathionate) . 

For Testing Iodine Absorption of Oils by Ililbl Method: — 
Use thin glass-stoppered Erlenmeyer flasks (light weight) 
with cup-shaped or lipped necks to form a gutter around 
stoppers, wluch should be ground to fit. 

Weigh out about 0.25 gram of the oil to be tested into 
each flask (one being a control), and add 10 c.c. chloroform 
to each. Introduce 25 c.c. No. 1. iodo-mcrcuric solution, 
consisting of equal volumes of {a) and (i), mixed 24 hours 
previously, into each flask. Insert stop])ers and fill sur- 
rounding gutters with KI solution to absorb any iodine 
which might escape. Set a.side in a dark closet for 24 
hours. If necessary, add more of the iodo-mercuric 
mixture. 

Two separate blank tests should be made at the same 
time on the iodo-mercuric solution, without any oil. 
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After 24 hours, remove stoppers, wash KI solution from 
necks into flasks, add sufiicient distilled water, and more 
KI solution to prevent formation of Hgl2. 

The two oil mixtures and the two blanks are then each 
titrated cold with the standard N/io “hypo” solution 
until nearly colorless, when a few drops of starch indicator 
are added, and the titration completed by discharging the 
bluish color. 

Wijs Solution tor Iodine Absorption 

A solution of iodine monochloride in glacial acetic acid. 
Keeps better and acts quicker than the Hiibl reagent, 
although the results are slightly higher.* 

The iodine monochloride solution (viscous) is prepared by 
dissolving 13 grams iodine in one litre of strictly C. P. gla- 
cial acetic acid (99.5 per cent), with the aid of gentle heat. 

Cool and test 25 c.c. for iodine content by titration with 
thiosulphate and starch indicator. 

Pass pure chlorine gas through the rest of the solution 
until the dark red iodine color changes to orange yellow, 
indicating transformation of I to ICl. A portion of this, 
titrated with thiosulphate, should show “double” the 
halogen content originally found. 

For any excess chlorine present an equivalent weighed 
amount of iodine is dissolved in the solution. 

With Oils: — The method is conducted like the Hiibl, 
using chloroform, potassium iodide, standard sodium thio- 
sulphate and starch indicator. On account of viscosity 
it is necessary to measure or drain the solution carefully 
from the burette at constant temperature for comparative 
results. Time of absorption is 15 minutes for non-drying 
oils, and a less period for drying oils. 

* Berichtc, i8g8, 31, 750-752; Analyst, 1898, p. 240; 1899, p, 257; Sher- 
man’s Organic Analysis. 
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APPROXIMATE FIGURES FOR OILS, PATS, AND 
WAXES 


Oil. 

Per cent 
KHO req. 

Koeltslor- 
fer figure. 

viapon. 

equivulent. 

Iodine ab- 
sorption. 

Almond oil (sweet) 

IQ.O 

190 

295 

97 

Bayberry wax (myrtle) 

21.0 

210 

267 

10 

Beeswax 

9.5 

95 

59 1 

9 

Blown oils 

21.0 

210 

267 

63 

Butter fat 

22.8 

228 

246 

32 

Cacao butter 

Ip . 7 

197 

284 

37 

Carnauba wax 

8.S 

8s 

660 

9 

Castor oil 

17.9 

179 

313 

84 

Cocoanut oil 

2 S -9 

259 

216 

9 

Cod liver oil 

18 . 2 

182 

308 

140 

Corn (maize) oil 

19. I 

I9I 

204 

118 

Cottonseed oil 

19.4 

194 

289 

108 

Cottonseed stearin 

19.4 

194 

289 

90 

Croton oil 

21 .0 

210 

267 

103 

Horse fat 

19.7 

197 

284 

84 

Japan wax 

22 .0 

2 20 

255 

5 

Lard (solid) 

19 . 2 

192 

292 

60 

Lard oil 

I 9 -S 

19s 

287 

70 

Linseed oil 

19.0 

190 

295 

180 

Menhaden oil. 

18.9 

i8q 

2 Q 7 

155 

Mineral oil 

Nil 

Nil 

Nil 

T0(f) 

Neatsfoot oil 

19.4 

194 

289 

70 

Olive oil 

19.0 

190 

205 

82 

Palm oil 

20.1 

201 

279 

54 

Paraffin 

Nil 

Nil 

Nil 

10(f) 

Peanut (arachis) oil 

ig.i 

191 

2 Q 4 

95 

Poppyseed oil 

IQ. 3 

IQ 3 

2 QO 

T38 

Rape (Colza) oil 

17-5 

175 

320 

100 

Rosin oil 

20 (i^) 

20(J^) 

(i^) 

50 

Sesamd oil 

19. 1 

IQI 

2 Q 4 

108 

Sperm oil 

13 • S 

135 

415 

84 

Spermaceti 

12.7 

127 

4/12 

2-5 

Stearic acid 

IQ. 7 

1 Q 7 

284 

Nil 

Oleic acid 

IQ. 9 

IQQ 

282 

QO 

Palmitic acid 

21 . 9 

2 IQ 

259 

Nil 

Sunflower oil 

IQ. 2 

IQ 2 

2Q2 

1 25 

Tallow (solid) 

19*5 

195 

287 

.10 

Tallow oil 

IQ . 7 

1 97 

284 

70 

Tung oil 

19.4 

1 94 

28 q 

i 9 o 

Whale oil 

19.0 

IQO 

2 Q 5 

1 20 

Wool fat 

9.0 

90 

023 

36 
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For the analysis of shellac* Langmuir employs a Wijs 
solution of different strength, specifying “glacial acetic 
acid diluted with water to 99 per cent (melting-point 
14.8° 

Hanus Solution tor Iodine Absorption 

A modification of the Wijs solution, in which bromine is 
substituted for chlorine, forming iodine bromide. 

13.2 grams iodine are dissolved in a portion (800 c.c.) of 
C. P. glacial acetic acid (99.5 per cent), using gentle heat. 
After cooling 3 c.c. bromine is added with sufficient glacial 
acetic acid to bring volume to one litre. An excess of 
iodine is permissible. 

Not so rapid as the Wijs solution, requiring an hour for 
the absorption test. The results approach Hiibl figures. 

ADULTERATIONS IN BUTTER AND MILK 

Before Testing, Prepare Clear Butter Fat, thus: — Melt 
a quantity of butter sample in a large test-tube by immers- 
ing in a water or steam bath. Add an equal bulk of hot 
water, cautiously shake or mix to avoid ejection of contents 
by any steam present, cork up, then invert the tube and 
chill in that position. When cold uncork and pour off 
water containing curd, coloring matter, or other substances. 
Repeat the operation, if necessary, to obtain as pure fat 
sample as possible, and thus remove the last portions of 
curd and salts. Reserve clear butter fat for special tests. 

The milky or cloudy solution with the curd in suspen- 
sion may be filtered and examined for salts. 

Residue on Filter: — Curd, starch, mineral matter, 
chrome yellow, etc. 

Filtrate {aqueous solution): — Examine for soluble salts, 
as borax, saltpeter, alum, etc. 

* J.S.C.I., 1911, No. 13, p. 786. 
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Tests on Clear Fat Sample 

Oleomargarine. The sample, heated in a platinum or 
porcelain dish, sputters with an odor of frying beef suet, 
while clear butter fat froths quietly and may rise over 
dish. 

Butter Fat, heated or saponified with alcoholic potash, 
then a little extra alcohol and a few drops of concentrated 
H2SO4 added, develops a pineapple or fruity odor known as 
ethyl butyrate. (Distinction from oleomargarine as such.) 

Solubility of Butter Fat in Amyl Alcohol and Ether 
Mixture (containing 40 volumes of the former to 60 of 
the latter). 

I gram butter fat dissolves in 3 c.c. at 28° C. 

I gram lard requires 16 c.c. at 28° C. 

I gram tallow requires 50 c.c. at 28° C. 

I gram stearin requires 350 c.c. at 28^ C.* 

For Coloring Matters in Butter Fat. Such as annatto, 
turmeric, or saffron. Dissolve 5 grams of the filtered fat 
in 25 c.c. carbon bi-sulphide or 50 c.c. ether, and shake 
with a little water made faintly alkaline with caustic i)otash 
or soda. The alkaline water takes up the coloring matter. 
Evaporate a portion of the solution and test with H2SO4. 

Annatto. A blue or violet color should result, changing 
to green, and finally brown. 

Saffron. No green coloration. 

Genuine butter may give a dirty green, but witliout any 
bluish color. 

Turmeric. Test a portion of the alkaline water with 
alcohol made faintly alkaline with ammonia. Tho ])resence 
of turmeric would be indicated by a brownish coloration. f 

* See U. S. Dep’t Agric., Bulletin No. 13, p. 75. 
t Ibid., pp. 27-28. 
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Boric Acid in Milk. Take 50 or 100 c.c. sample and 
make quite strongly alkaline with lime water (calcium 
hydroxide). Evaporate and incinerate. All boric acid 
remains in the ash. Dissolve ash in minimum quantity 
of concentrated hydrochloric acid. Dilute with a little 
water and test with a strip of turmeric paper, allowing 
same to soak a few minutes. Remove and dry in air. 
Boric acid would be indicated by the cherry-red color 
imparted to the paper, and which with dilute alkalies 
would be altered to green or blue.* 

Rapid Test: — One drop of milk sample in a porcelain 
dish, two drops concentrated HCl, and two drops saturated 
turmeric solution. Dry on water-bath. Cool and add a 
drop of ammonia on glass rod. 

Slaty-blue to green color indicates borax or boric acid. 
Sensitive to x grain of borax.f 

Salicylic Acid in Milk. Coagulate milk sample with 
HCl, filter off curd, and shake whey with ether. Separate 
ether solution. Evaporate the ether and the salicylic acid 
will be sufficiently pure for testing. 

Best Test: — Violet color produced by a solution of ferric 
chloride (as neutral as possible). 

LIST OF COMMERCIAL TESTS ON OILS AND FATS 

The tests applied are physical and chemical 

Viscosity. The most important physical test for oils, 
especially petroleum oils used for lubrication, is that 
obtained with a viscosimeter, of which there arc standard 
or specified forms in the market. The oil is allowed to 
flow from a reservoir at a specified temperature, through a 

* Consult Sherman’s Notes on Organic Analysis, and LclTman and Beam’s 
Milk and Milk Products. 

f Annual Report, Chemist, Philadelphia Board of Health, 1896. 
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standard orifice, and the rate of flow compared with that 
of a standard sample under the same conditions, or with 
any other liquid standard. This test is not, however, 
adapted for certain “high temperature’’ greases. 

Specific Gravity. It is customary to make the deter- 
mination at 15.5° C. and also at 99° C., water being used as 
a standard. For small samples, use the Sprengcl tube at 
99° C. With larger samples, the Westphal balance is 
very convenient and accurate, especially if the sample is 
very viscous or even solid at ordinary temperatures, when 
a special plummet is employed at 99° C. 

Melting-point. (For solid fats and waxes.) Ordinarily 
the substance is first melted and allowed to congeal on the 
bulb of a thermometer, which is then immersed in water 
and the temperature gradually raised until the substance 
melts from the bulb. Preferably, it may be determined 
by introducing a small amount of the melted substance 
into a capillary tube, which is cooled and attached to the 
stem of a thermometer; then the same is immersed in 
water and the temperature gradually raised, stirring care- 
fully, until the substance begins to melt as described under 
Fatty Acids and Waxes. 

Solidification-point. (For liquid fats and oils.) In this 
test a freezing-mixture is necessary, such as ice and salt, 
or niter and water, or solid carbonic anhydride in ether, 
the latter for very low temperatures. The freezing mixture 
is placed in a suitable bottle resting on paper or other 
non-conducting material. A test-tube containing the oil, 
in which a delicate thermometer is suspended, is then in- 
serted in the freezing-mixture. The temperature at which 
the oil just begins to flow is known as the “cold test.” 
Should floes or crystals form touching the thermometer, 
the “chilling” or “solidifying-point” has been reached. 
Stir and note any rise of temperature due to crystallization. 
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Flash-point Test. Generally used on illuminating oils 
and oils intended for hot machinery. A simple method 
consists in heating the sample in a porcelain dish or capsule 
with a thermometer suspended in the oil, and noting the 
temperature at which the vapors begin to flash when 
brought into contact with a lighted jet or taper. The 
heating should be gradual over a low Bunsen flame. Speci- 
fications may require the use of special apparatus, as the 
New York State Tester or other form with covered top. 
Results are expressed in degrees Fahrenheit (commercially). 



Approx, flash-point. 

Fire point. 

Illuminating oils 

100° to 120° F. 

110° to 150° F. 
475° to 575° F. 
460° to 645° F. 

Lubricating oils 

400° to 500° F.j 
350° to 525° F. 

Fatty oil 



Moisture or Water Content. Dilute a known quantity 
of sample with excess of gasoline in a tall narrow cylinder. 
Shake, cover, and let stand over night. Water, if present, 
collects in a globule on bottom. Remove same, and meas- 
ure or weigh. With semi-solid substances apply gentle 
heat and add enough petrolic ether to prevent mass from 
solidifying on cooling, so that water globules may collect.'*' 
Free Acid Test. Litmus is unreliable ■ for this test. 
Acidity may be due to acid used in refining or to rancidity 
from fatty substances, and may be determined in terms of 
sulphuric or oleic acid, by extracting a known weight of 
sample with warm alcohol, neutral to phenol-phthalein, and 
titrating with N/io alkali. For a simple test an alcoholic 
phenol-phthalein solution, made pink with a few drops of 
caustic alkali, is shaken with little oil. Acidity discharges 
color. Also, heat strips of copper in oil for a given time 
and note action. 

* Consult Wright, Oils, Fats, Waxes, etc., 1894, p. 122. 
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Maumene Test. Rise of temperature, when an oil is 
mixed with strong sulphuric acid, is greater with drying 
than with non-drying oils. The acid should be of known 
strength, preferably 89-90 per cent as determined by titra- 
tion, so that 50 cx. water mixed with 10 cx. acid will give 
a rise of about 35° C*.* All apparatus, water, acid, and 
samples should be of same room temperature. Place 50 
c.c. oil in small (150 c.c.) dry deep beaker packed in larger 
beaker or cup with cotton waste to prevent radiation. 
With fine pipette add slowly ro c.c. acid, stirring with 
thermometer until maximum temperature is reached. 

On account of ‘Trothing, ” produced by linseed and other 
drying oils, dilute 25 c.c. sample with 25 c.c. mineral oil, 
and stir in slowly 10 c.c. acid, having previously ascertained 
temperature rise of 25 c.c. mineral oil. From the tempera- 
ture rise of mixture, subtract the temperature rise of 25 c.c. 
mineral oil, and multiply the difference by two for the tem- 
perature rise of 50 cx. sample.f For specific temperature 
reaction,’' multiply oil rise by 100 and divide by rise ob- 
tained with water (50 c.c.) under the same conditions. 

Solubility Tests. Behavior with solvents as chloroform, 
ether, petrolic ether, gasoline, absolute alcohol, acetone, 
glacial acetic acid, acetic anhydride, benzol, carbon tetra- 
chloride, amyl acetate, etc., should be noted. 

As a rule, ordinary soaps or oils saponified with caustic 
alkali are insoluble in gasoline or ether, but quite soluble 
in alcohol or water. 

Free or unsaponified oils, on the other hand, are quite 
soluble in gasoline or ether, imperfectly soluble in alcohol 
and immiscible with water. 

Cholesterol and allied unsaponifiable matter, occurring 
in animal fats and oils, is soluble in ether and petrolic ether 

* Sherman, Jour. Am. Clicm. Soc., 1902, p. 271. 
t Gill, Oil Analysis, 1898, p. 47. 
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as well as absolute alcohol, and, therefore, it is not unusual 
to find it in small amounts in the free oil extract. 

As an exception and in sharp distinction from other oils, 
the true castor oil is very soluble in absolute alcohol and 
quite insoluble in petrolic ether. Sperm oil, being a liquid 
wax, is soluble to a clear solution in boiling absolute alcohol, 
while linseed oil under similar conditions gives a cloudy 
solution. Chloroform and carbon tetrachloride are excel- 
lent solvents for halogen absorption tests, but sink with 
immiscible solutions. Acetic anhydride takes up rosin oil, 
but is generally immiscible with others. 

In glacial acetic acid, mineral and rape oils are insoluble, 
while castor and rosin oils are completely soluble at ordi- 
nary temperatures. Other oils, soluble in the hot, give 
turbid solutions on cooling. While hot the difference in 
solubility serves to detect rape in linseed, and affords a 
separation of mineral from both linseed and rosin oils. 

Valenta Turbidity Test. Interesting, also important. 
Equal volumes of the oil and glacial acetic acid are heated 
in a test-tube with frequent shaking till dissolved. A 
thermometer is then immersed in the liquid, which is 
allowed to cool slowly. The temperature at which the 
first sign of cloudiness is noticed is the ^'turbidity tem- 
perature,” which varies considerably according to condi- 
tions, strength of acid, etc. 


High turbidity, 8 $ “-100“ C. 

Low turbidity, 25^-64° C. 

Cottonseed oil 
Neatsfoot oil 

Almond oil 

Sperm (jil 

Lard and tallow 

Olive oil 

Linseed oil 

Menhaden oil 
! Cocoanut oil 
! Palm ( 3 il 

Putter fat 

C(jmmer('ial oleic acid 


Insoluljlc — Mineral and Rai)e Oils. 

Completely Soluble — True Castor and Rosin Oils on cooling. 
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Gumming Test. Adapted mostly for lubricating oils 
and greases. Mineral, lard, and sperm oils, tallow, horse, 
and bone fat are non-drying, wliile linseed, tung, rosin, 
cottonseed, rape, and menhaden oils tend to tliicken and 
on heating. Spread sample on watch-glass or glass 
plate and expose to a temperature of ioo° C., for three or 
four hours. 

Drying Test. Applicable to paint and varnish oils. 
Raw linseed, applied with brush to ground glass plate, 
usually requires three or four days to become tacky’' dry 
by itself. With driers the same oil may dry in from three 
to twelve hours under similar conditions. 

Livache Drying Test. Principally for linseed oil. De- 
pends on the use of finely divided precipitated lead, pre- 
pared by suspending a strip of zinc in lead acetate solution, 
then washing successively with water, alcohol, and ether, 
and drying in a dessicator. Carefully spread out one gram 
of precipitated lead in a 3-inch watch glass and weigh whole. 
With a fine pipette distiibute 0.5 gram (20 drops or more) 
in separate drops over surface of the lead and again weigh. 
On exposure the lead accelerates the absorption of oxygen 
by the oil. Make weighings every 18 or 24 hours for three 
or four days until maximum is reached. The greatest 
increase in a given time indicates the drying quality. The 
absorption is much less with corn and cottonseed oils. 

Saponification Test. As described under Koettstorfer’s 
Process. See methods given for fatty acids” and waxes.” 
Mineral oil, rosin oil, and other hydrocarbons ())cing non- 
saponifiable) are separated from saponified matter or 
aqueous soapy solutions by extraction with ether, gasoline, 
or other immiscible solvent. 

Iodine Absorption Test. As described under Hiibl 
Method. 

Bromine Absorption Test. As described under Linseed 

Oil. 
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Action of Nitric Acid on Different Oils, Use concen- 
trated acid having a specific gravity of 1.42. Shake equal 
parts of oil and acid in large test-tube, and note change of 
color. 


Oil. 

First action. 

After 5 minutes. 

Sweet almonds 

Flesh tint 

Cherry red. 

Chocolate red to brown- 
ish red. 

Lard oil 

Lemon or yellow to 
brown. 

Sperm oil 

Orange yellow 

Coffee brown. 

Raw linseed i 

Olive green, im- 
mediately. Then 
dark brown to 
lighter shade. 

Brown to reddish 
brown. 

Olive oil 

Greenish 

Dirty brown. 

Chocolate brown; fin- 
ally deep blood red. 

Cottonseed (prime) . . 

Turpentine 

Brown 

Reaction violent or 
dangerous. 


Halphen’s Reaction for Cottonseed Oil 

Use a One Per Cent Solution of Stilphur in Bisulphide 
of Carbon, 

Mix equal proportions each of the reagent, the oil to be 
tested, and amyl alcohol in a large test-tube, and heat 
cautiously till boiling subsides. 

Then place tube and contents in a boiling, saturated 
solution of common salt and heat for an hour or more until 
an orange or red color develops, indicating presence of 
cottonseed oil. 

This test is considered one of the most reliable for detect- 
ing adulteration with cottonseed oil. 


Hexabromide Test for Linseed and Fish Oils 

Mix 2 c.c. oil sample with 40 c.c. ether, acidified with 
glacial acetic acid. Cool to 5° C. Add bromine drop by 
drop till a permanent brown solution forms. Let stand 
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2 or 3 hours. Filter through asbestos, and wash precipi- 
tate successively with little acetic acid, alcohol, and ether; 
then dry and weigh precipitate. 

Linseed oil yields 23.0 to 25.0% hexabromidc. 

Shark oil yields 22.0% hexabromidc. 

Whale oil yields 25.0% hexabromidc. 

Cod oil yields 35-5% hexabromidc. 

Cod-liver oil yields 42.9% hexabromidc, 

China-wood oil, corn, and cottonseed oils practically none.* 

Liebermann-Storch Reaction for Rosin Oil 

Shake equal volumes of the oil sample and acetic anhy- 
dride in a test-tube. Warm gently, then cool, and pipette 
off the anhydride which is tested with a drop of concentrated 
sulphuric acid. A fine violet coloration indicates the 
presence of rosin oil or resinous matter. Cholesterol is 
stated to give a similar result. f 

Baudoin’s Test for Sesame Oil 

In a large test-tube, dissolve o.i gram cane sugar , in 
10 c.c. hydrochloric acid of 1.2 sp. gr., then add 20 c.c. oil 
and shake thoroughly for one minute. 

Gradually, a pinkish tint develops, and the aqueous 
portion, as it separates, assumes a crimson or rasi>bcrry- 
red color which deepens on standing. 

The color is probably due to the action of furfiirol pro- 
duced by acid and sugar. The test is sensitive to t per 
cent sesame oil in admixture. 

Olive oil may show a slight reddening in the aqueous 
portion, but, as a rule, exhibits only a greenish tint in the 
oily layer; while, if much sesame oil be present, the reddish 

* Ilehner and MUchell, Tlie Analyst, 1898, p. 310. 
t Gill, Oil Analysis, i8g8, p. 99. 
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coloration will be observed in both oily and aqueous layers 
after standing some time. 

Villivechia modified the test by employing a 2 per cent 
solution of furfurol in 95 per cent alcohol. Of this o.i c.c. 
is added to 10 c.c. hydrochloric acid (sp. gr. 1.2), which is 
then shaken with 10 c.c. of the oil. 

Tocher’s Test for Sesame Oil 

Depends on the use of pyrogallol, i gram of which is 
dissolved in 15 c.c. hydrochloric acid (sp. gr. 1.2) and 
shaken in a separatory funnel with 15 c.c. oil sample. 
The aqueous portion is then drawn off and boiled 5 minutes, 
when, if sesame oil be present, it should appear red by 
transmitted light and blue by reflected light. 

Renard’s Test for Peanut Oil* 

Depends on the separation of arachidic acid, the test 
having been modified by various investigators. 

Twenty grams of the sample are saponified with alcoholic 
potash, then phenolphthalein is added, and the solution 
neutralized exactly with acetic acid. The whole is then 
washed into 200 c.c. of a boiling 10 per cent lead acetate 
solution, contained in a 500-c.c. flask. 

Continue boiling one minute. Cool by whirling flask in 
cold water, causing lead soaps to adhere to sides of flask. t 
Pour off water and excess of lead acetate, wash soaps with 
cold water, followed by 90 per cent alcohol. After drain- 
ing off alcohol, as much as possible, add 200 c.c. ether (or 
petrolic ether), cork, and let stand until disintegrated; then 
connect with reflux condenser and digest over water-bath 
for five minutes. 

* Compt. rend., 1871, Ixxiii, 1330 ; Comm. Org. Anal., 1899, Vol. 11 , 
pt. 2, p. 134; Analyst, 1898, p. 273. 

t Sherman’s Organic Analysis. 
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Cool to 15° C. and allow to settle. Filter, wash with 
ether, and transfer to beaker with boiling water acidified 
with hydrochloric acid. Then, add excess of dilute hydro- 
chloric acid and 200 cx. water, and boil to liberate fatty 
acids as an oily layer. 

Allow to cool until layer has solidified, and crystals of 
lead chloride have formed on bottom of beaker. Remove 
cake of fatty acids, treat again with boiling water, cool, 
collect, and dissolve in 100 c.c. boiling 90 per cent alcohol. 
Cool to 1$° C. over night to permit fatty acid to crystallize; 
then filter and wash crystals with 20 c.c. 90 per cent alcohol 
(note volume of filtrate). 

Dissolve crystals with hot alcohol (50 c.c.) into weighed 
dish, evaporate dry on water-bath, and weigh. Add cor- 
rection of 0.0025 gnim for each 10 c.c. filtrate and wash- 
ings at 15° C.; or, 0.0045 gram, if temperature is 20"^ C. 

Remarks: — Using the above method, the writer olitained 
from 30 grams peanut oil, 1.58 grams pearly spangles 
arachidic acid ( = 5.26 per cent), having a melting-])oint 
of 73° C. The test is somewhat tedious. The arachidic 
acid is equivalent to about 5 per cent of the peanut oil, and 
therefore becomes a measure of the amount of such oil 
present in the sample. 

Elaidin Test for Oils 

Oils containing mu^ch olein, as tri-olein, C3rif)(CiHriu;{02)3, 
give on treatment with nitrous acid, a cake of solid white or 
yellowish-white elaidin, having a melting-point of 32'' to 

Similarly, oleic acid is converted into isomeric crystal- 
line elaidic acid, Ii.Ci8H3302, with a melting-point of 
45° C. 

Olive, peanut, almond, and lard oils give a hard elaidin, 
while corn, cottonseed, sesame and rape oils become pasty 



LIST OF COMMERCIAL TESTS ON OILS AND FATS 79 


and the drying oils, as linseed, poppyseed, menhaden, etc., 
remain unaltered or liquid. 

Temperature is an important factor in the test, 15° C. 
being recommended for the best results; certainly, not 
over 25° C. 

Copper Method: — About 5 c.c. nitric acid, sp. gr. 1.34 
(strength about 2 : i), is placed in a small wide-mouthed 
bottle or large test-tube with 10 c.c. oil to be tested; then 
0.5-1. o gram copperfoil or wire, thoroughly moistened with 
dilute acid to ^^shed” the oil, is added and the whole im- 
mersed in water at if C. The action is allowed to proceed 
slowly with occasional shaking until the copper is dissolved, 
the contents being kept as cool as possible. Let stand 
cold one to three hours. Olive and peanut oils give a hard 
elaidin in about two hours. 

Should the evolution of gas become too rapid and the 
solution greatly overheated, the formation of elaidin will 
be retarded or possibly prevented. 

Should the copper become coated with oil first, it will 
“shed” the acid, and the action will be incomplete. 

To avoid these conditions, keep the contents cooled to 
if C., and cleanse the copper pieces thoroughly in very 
dilute HNO3 before dropping into oily layer, through which 
they sink with moistened surfaces into the acid underneath. 

Mercury Method :- — Mercury may be substituted for 
copper, thus: In a test-tube, place i gram mercury (glob- 
ule, size I pea) and 5 c.c. cold nitric acid, sp. gr. 1.34 (about 
2 : i), which is covered with 10 c.c. oil. When action com- 
mences, cool slightly and shake occasionally as gas rises 
into oil (which, in the case of olive oil, assumes a greenish 
tint). Finally, when mercury is dissolved, mix well and set 
aside in cold water. 

This test may be modified by dissolving, in the cold, 
I gram mercury in 7 or 8 c.c. cold nitric acid (sp. gr. 1.43), 
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SO as to produce an emcrald-grcen solution. 2 or 3 c.c. of 
this coldj freshly prepared, green solution is placed in a 
test-tube, then 10 c.c. of oil added, thoroughly shaken for a 
minute, and the tube allowed to stand in cold water. If too 
much acid and mercury are used in proportion to the oil, 
the mixture is liable to become hot and froth over suddenly. 

Potassium Nitrite Method: — A different, l3ut very neat, 
method depends on the use of potassium nitrite instead of 
metals.'^ For this purpose a large test-tul}e is used and i 
volume water, 2 volumes nitric acid (sp. gr. 1.45), and 10 
volumes oil are mixed by vigorous shaking. (At this point, 
certain color reactions may be observed.) Idien, after a 
short time, a saturated solution of potassium nitrite (4 or 
5 c.c.) is allowed to run down inside the tube, which is im- 
mersed in cold water, and the rate and kind of solidification 
noted. The evolution of gas takes place readily and some 
frothing occurs which may be easily controlled. With olive 
and peanut oils practically the entire mass solidifies, ex- 
cepting a little aqueous liquid underneath; while corn oil 
assumes a peach-blow tint and finally gives considerable 
froth and a liquid orange-red layer. 

Cottonseed and rape oils behave somewhat like corn oil, 
but give a frothy, orange-colored, semi-solid after 3 hours 
in the cold, according to the writer’s observations. 

With drying oils the evolution of gas and action is 
slower. 

Tung, or China-wood, oil gives a coffec-colorcd pasty 
liquid; and linseed a creamy liquid after 3 hours in the cold. 

Undoubtedly, the potassium nitrite method for elaidin 
merits preference as a simple and convenient test for dis- 
tinguishing the drying and non-drying oils, suiqiassing in 
efficiency the more economical copjicr method. 

* Andes, Drying Oils, etc., 1901, pp. 3 and 4. 
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LIST OF COMMERCIAL TESTS ON OILS AND FATS 89 


GROUP TABLE OF PRINCIPAL OILS ARRANGED ACCORD- 
ING TO SPECIFIC GRAVITY AND CONSTANTS. 


Sp. gr. at 
1S“ c. 

Oils. 

Sp. temp, 
reaction. 

Iodine 

figure. 

Elaidin. 

Valenta. 

Sapon. 

number 

0.875-0.884 

Sperm 

100 j 

80-90 

Solid 

98° C. 

13s 

0.884-0.912 

Oleic acid 


90 

f Elaidic ) 

i Acid 
(M. P.4S“C.' 

27° C. 

200 

0.912-0.920 ^ 

Almond 

Lard 

N eatsfoot 

Olive 

Peanut 

Tallow oil 

1 70-120 

65-105 

Solid 

73 "ii 2 ‘' C. 

195 

Rape 

I 2 S-IS 5 

92-109 

Pasty 

Insoluble 

I 7 S 

0.920-0.937 • 

Corn (maize) 
Cottonseed 
Sesam6 
Sunflower 

1 140-200 

102-124 

Pasty 

85-110® C. 

100 

Poppyseed 

Linseed 

Tung 

Menhaden 

1 200-370 

133-200 

c Liquid or ) 

1 pasty i 

SS-6s“ C. 

190 

0.937-0.970 \ 

Castor 

Blown oils 

90 

253 

85 

63 

Soft 

? 

Soluble 

? 

178 

200 

0.966-0.990 

Rosin oil 

72 

40-80 

O.xidized 

Soluble 

2 

0.780-0.920 

Mineral oil 

10-20 

10-15 

Nil 

Insoluble 

Nil 

0.940-0.960 

Croton oil 

? 

I0I-I05 

None 

Soluble 

210 
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LUBRICATING OILS 

Sperm Oil. A liquid wax, dcscrilDcd under Waxes.” 
One of the most perfect lubricants known, especially for 
light, high-speed machinery. It is pale yellow and limpid, 
with a slight fishy odor and low sp. gr., about 0.884 ^^t 
15.5° C. It does not ^^giim,” or become rancid. Requires 

12.5 per cent to 14.5 per cent KTIO for saponification. 
Lard Oil. Mostly olein, with some stearin and palmi- 

tine. Obtained by pressing lard and occurs in various 
grades from straw color to brown. Has been used in 
admixture with mineral oil for lubricating machinery, but 
is liable to become rancid, producing an acid reaction. 
Sp. gr. 0.915 at 15° C. Saponification, 19.5 per cent KHO. 

Tallow Oil. Obtained by melting tallow, crystallizing 
the stearin to a granulated mass, and pressing to obtain 
the oil which consists mostly of olein. It has a light-yellow 
color and tallow-like odor. Sp. gr, 0.916 at 15° C. Sapon- 
ification, 19.7 per cent KHO. 

Neatsfoot Oil. From feet and shank bones of cattle. 
Light or turbid color, pleasant odor, and bland taste. 
Nearly pure olein; deposits stearin in cold weather. For 
lubrication it is generally mixed with mineral oil. Sp. gr. 
0.915 at 15° C. Saponification, 19.4 per cent KIIO. 

Horse Oil, or Horse Fat. Obtained by rendering fat of 
dead horses. Quality variable, color dirty-white to brown, 
and consistency like lard or softer. Used in making soap, 
and, when refined, for adulterating neatsfoot and other oils. 
Sp. gr. 0.919 at 35° C. Saponification, 19.7 per cent KHO. 

Bone Tallow or Marrow Fat. From shank bones of 
cattle — very little from horses’ bones. Yellowish-brown 
grease with unpleasant odor. Generally contains phosphate 
of lime. Sp, gr. 0.9x5 at 15° C, Saponification, about 

19.5 per cent KliO. 
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Rosin Oils. There arc three or four grades of rosin oils, 
from water-white to dark brown, produced by distilling 
rosin in a retort with or without alkali, the distillates being: 

(а) Light distillate (rosin spirit or pinoline) , used as a sol- 
vent and turpentine substitute. 

(б) Heavy rosin oil distillate, redistilled or rcctihed for 
various grades as: first run, pale; second run, brown; third 
run, dark. The purified, light-colored rosin oil has little 
odor or fluorescence, but a sharp taste, while the darker 
varieties possess more or less bluish or greenish reflex, 
strong taste, and “pitchy” odor. 

Rosin oii has a high sp. gr. of from 0.980 to i.ioo at 
15.5° C. — liighcr than usual for oils — and a high dextro- 
rotation in ether solution as observed in polarimeter. Its 
consistency is but little affected by cold weather. 

Slightly soluble in cold absolute alcohol, and quite soluble 
in excess of hot absolute alcohol. 

Soluble in ether, petrolic ether, chloroform, acetone, 
carbon tetrachl^oride, glacial acetic acid, and acetic anhy- 
dride. 

It docs not saponify, but tends to gelatinize with con- 
centrated caustic soda at boiling tem])erature. So-called 
lime-rosin-oil soaj)'’' is apparently a comlnnation in which 
freshly shikcd lime, as “milk of lime,” is slowly dissolved 
in the rosin oil, forming a dark-brown grease of buttery 
consistency. 

Mineral and rosin oil in admixture may be separated by 
glacial a('etic arid which dissolves rosin oil completely at 
ordinary temperatures, mineral oil being only s})aringly 
soluble. The Liebermann-Slorch reaction serves to detect 
rosin oils and resinous matter. 

Rosin oil differs from linseed, corn, menhaden, and cot- 
tonseed oils in Iiaving a low “ Koettslorfer figure” and low 
* Schwcizijr’s “ Di.stillalion of Resins,” p. 71. 
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^^Br. addition figure” (both under 20), but a high 
substitution figure” (40 to 100). 

— Greases, printing-inks, boiled oil substitutes, 
etc. 

Mineral Oil, Several grades of excellent lubricating 
quality, composed of hydrocarbons, are obtained by refining 
crude petroleum. Generally characterized by more or less 
“bloom” or greenish reflex noticeable in “engine oils,” 
“cylinder oils,” and the dark viscous grades for heavy 
bearings. Unsaponifiable, in distinction from fatty oils. 
Used as an adulterant and substitute for more expensive 
oils. Sp. gr. 0.800 to 0.950 at 15° C. Saponification, nil. 

Presence of Soaps. Soda, potash, lime, and alumina 
soaps are occasionally employed as “thickening agents” for 
lubricating ^oils and greases. Excellent for heavy gearings 
or high temperature bearings — not for steam- or gas- 
engine cylinders, in which the soap might be decomposed. 

Greases. Generally mixtures of mineral or rosin oils 
with animal oils or fats, lime or soda soaps, degras, graph- 
ite, etc. 

Cold or Axle Grease: — Stir rosin oil into fresli 

milk of lime paste, then, after standing 12 hours, incor- 
porate mineral oil and allow to “set.” 

Boiled Grease: — The following three methods may I)e 
used, (i) Stir hot freshly prepared milk of lime (strained 
40 mesh) into previously melted tallow, horse fat, or palm 
oil, and heat until soap is formed. Run off excess water 
if necessary, and spray in mineral oil at V, (2) Pre- 
pare a hot soda soap “batch,” run in cold mincaxil oil, agi- 
tate violently, and cool quickly. (5) Add soap shavings to 
hot mineral oil at 240° F., “fry out” moisture, and c'ool to 
stiff mass.* 

* See Redwood’s “Lubricants”; also, Jlurst’s “ Lubricaliiig Oils, Lais 
and Greases.” 
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Analysis of Lubricating Greases 

The method given by P. PL Conradson * is generally 
recommended and is essentially as follows: 

1. Place lo grams grease in a 300-c.c. wide-necked Erlen- 
meyer flask, add 50 to 75 c.c. 88° Be gasoline and dis- 
integrate with glass rod. Add 200 c.c. more gasoline, 
shake at intervals, settle, and pour off clear liquid through 
filter. Repeat treatment on residue, using 100 to 125 c.c. 
88° Be gasoline, transfer insoluble portion to large filter, 
let drain, rinse out flask with gasoline, and wash filter con- 
tents until gasoline passes through colorless. Let drain. 

2. Grease 0 &: — Evaporate mixed gasoline extracts to 
small bulk in tin drinking-cup, transfer to weighed beaker, 
and evaporate on water-bath to constant weight. 

3. Tarry Matter: — If insoluble portion on filter has 
a light color (no asphalt or tar), it is transferred to a 
weighed dish and dried to constant weight {see 4). Other- 
wise, if dark from tarry matter insoluble in gasoline, it is 
replaced in flask and digested with 20 c.c. ethyl ether and 
10 c.c. chloroform at ordinary temperature. Shake, trans- 
fer back to (liter, and wash with ether-chloroform mixture, 
iwaporate extract in weighed dish on water-bath to ol^taiii 
tarry matter with possilile traces of soap. 

4. Insoluble Soaps and Mineral Matter: -The insoluble 
residue from ether-ch'oroform treatment in No. 3 (or the 
insoluble light-colored jiortion from No. i) is dried in a 
weighed dish, (irst at a low temperature on top of air-bath, 
and later, inside with gradual rise from 200 to 250° C., 
until constant weight is obtained. 

5. Water or Moisture {by Difference): hundred 

minus the sum of the insoluble soaps, mineral matter, 


* Umr. Amcr. Chem. Soc.. runc‘. ioo4. i). 
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tarry matter (if present), and oils gives the amount of 
moisture together with any trace of volatile substance. 

6, 7, and 8. Mineral Matter: — When present in large 
amounts, it is easily noted as a heavy sediment on treat- 
ment with gasoline. Small amounts of mineral matter may 
be due to slaked lime and soda used in compounding. 

To dissolve all soaps, fats, and oils, treat 5 grams of the 
grease separately with “100 c.c. of a mixture of 30 c.c. tur- 
pentine, 30 c.c. 74° Be benzine, and 70 c.c. alcohol,” using 
flask with reflux condenser on water-bath. 

Filter liquid rapidly, and wash residue twice (hot) with 
above mixture, followed by benzine and alcohol. Dry, 
then weigh, and test character of residue. 

9 and 10. Bases in Soaps: — In absence of free mineral 
matter, resort to 4, obtaining bases from dry soaps by 
ignition. Otherwise, heat the above filtrate and benzine- 
alcohol washings in a flask with reflux condenser on water- 
bath till clear. Add 2 or 3 grams oxalic acid dissolved in 
alcohol, boil and shake to form insoluble oxalates from 
which the oxides may be determined by usual methods. 

II to 16. Remarks: — Separated oils may contain little 
Ca and Mg soaps, soluble in gasoline in which Na soaps 
are insoluble. Zn, Al, and Pb soaps arc rarely present, 
though soluble in gasoline. Determine bases by oxalic 
acid method and calculate to oleic acid. Separated oils 
should be saponified to separate free fatty oil from petro- 
leum and rosin oils.* 

Free Fatty Acids, Caustic and Carbonated Alkali 
IN Greases 

Free Fatty Acids: — The weighed gasoline extract of the 
oils is placed in a flask with 50 c.c. neutral 95 per cent 
alcohol and a few drops phenol-phthalcin indicator, and 

* Vnr Hpf-n'lc cpp nrfirlr. 
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titrated with N/io caustic potash solution, from which the 
amount of free fatty acids may be calculated as oleic acid 
and deducted from weight of oils. 

For C mis tic: — Extract 5-10 grams of the grease with 
gasoline and treat the insoluble residue, after drying, with 
50 to 100 c.c. of neutral 95 per cent alcohol, until the 
soaps are dissolved. Filter and wash with neutral alcohol. 
Add phenol-phthalein indicator and titrate with N/io HCl 
for caustic. 

For Carbonated Alkali: — The insoluble residue from 
alcohol is treated with water, methyl-orange indicator 
added, and the solution titrated with N/io HCl for car- 
bonate. 

Free caustic lime may also be present from lime soaps. 

Sei>aration oe Fiuee Fatty Oil, Mineral and 
Rosin Oil 

1. Saponify Fatty Oils with Alcoholic Potash: — Evapo- 
rate the alcohol and take up witli water. Place soapy 
liquid in separator and treat with gasoline to remove 
mineral and rosin oils. Draw off gasoline layer and evapo- 
rate to olitain extract. Weigh the extract. 

2. Mineral and Rosin-oil Extract: -Treat with glacial 
acetic acid to remove rosin oil, the mineral oil being in- 
soluble. U.se a conical sc])arator and repeat the operation. 
Then wash the mineral oil with slightly alkaline water to 
remove excess acetic ac'id. Separate the mineral oil from 
aqueous i)()rtion with gasoline, evaporate, dry, and weigh. 
Subtract from total extract to obtain rosin oil by difference. 

Rosin Oil in Orkase 

Digest 10 grams grease in a wide-necked flask with 25 c.c. 
strong alcohol at gentle heat (water-bath). This should 
dissolve the ordinary soaps and rosin oil, with small amounts 



g6 


OILS AND SOLVENTS 


of mineral oil or free fatty oil. Break up grease with glass 
rod, shake, settle, pour off liquid on dry filter, and repeat 
treatment with 25 c.c. more alcohol.* 

To the combined alcoholic filtrates, add a little phenol- 
phthalein indicator, and slight excess N/4 caustic ixitash, 
to saponify any free fatty oil. Evaporate to expel alcohol; 
treat residue with 25 to 30 c.c. gasoline; stir, settle, filter 
clear fluid, and evaporate gasoline. 

The residue contains most of tlie rosin oil, together with 
a little mineral oil. Note odor, taste, and gravity. Test 
for rosin oil by the Liebermann-Storch reaction. 

* Note Conradson’s article, Jour. Amcr. Chem. Sue., June, 1904, pp. 
711-712. 
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LINSEED OIL (from Flaxseed) 

Raw linseed oil should have a clear amber color and 
sweet syrupy odor, in distinction from the darker boiled 
product. 

It should be free from foots” through long standing 
before use. The oil contains chiefly the glycerides of 
certain unsaturated fatty acids — oleic, linolic, linolcnic, 
and isolinolenic — forming the original “ linoleic acid ” 
investigated by Hazura.* Walnut oil contains the same 
glycerides as linseed, while poppy, sunflower, and hemp- 
seed oils consist mainly of the glyceride of linolic acid. 

Unsaturated series of fatty acids may be represented by 
the following f ormulai : 

Series, QJ-Ln-a O2, or Ci8li3402, Oleic Acid. 

Series, CJi2n-4 O2, or Ci 8 Ha 202 , Linolic Acid. 

Scries, CJ-Ln-c O2, or Ci 8 li 3 () 02 , Linolcnic Acid. 

When fatty acids of the above type are dissolved in 
glacial acetic acid and ether, and treated with bromine, 
certain addition i)rodiicts are formed, thus: 

Ci8Ma4.Br2.O2, oleic acid “di-bromide” (liquid). 

Ci8Ma2.Br,i.( >2, linolic acid “ tetra-l^romide,” M. P. iiq^C. 

CiHria().Bro.()2, linolcnic acid“hexa-])romide,” M. P. 1 77^C. 

Idle insoluble crystalline hexa-l)r<)mide, on treatment 
with zinc, dust in alcoholic hydrochloric acid solution, loses 
Bro, ret)roducing linolcnic acid, from which the same hexa- 
bromide may again be derived.! 

With oils direct, as linseed and various I'ish oils, a “ mixed 
bromo-ester” is formed, more insolul)Ie than the acid hexa- 
bromide and ])ossessing a di-bromo and hexa-l)romo combi- 

* Aiultis, Dryin^i; Oils, Hoikvl Oils, oic'., tqoi, p. 7. 
t Wright, Oils, Fats, Waxes, etc., 1894, pp. 27, 35, and 36. 
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nation without the tetra, and to which Hehner and Mitchell* 
have given the tentative formula: 

Ci8H2902Br6 

C3H5 CisHagOaBre 

Ci8H3302Br2. 

An insoluble precipitate. M. P. 143.5 to 144° C. 
Oxidized or boiled oils produce little or no precipitate. 
Iodine also forms addition-products, hence the Hiiljl 
method for determining iodine absorption. 

Adulterants of Linseed Oil 

Fish oil (menhaden) itself possesses drying properties 
and is least harmful of the possible adulterants. 'J'he lish 
oil likewise is subject to adulteration with mineral oil. 

Fish oil may be recognized by its odor on heating; by 
the reddish color produced on boiling with caustic soda, 
and by the dark greenish color imparted when chlorine is 
passed through fish oils. 

Menliaden has almost the same specific gravity as linsecal, 
viz., 0.930-0.932 at 15° C. Mineral oils have a lower gravity 
(0.903), while rosin oils (about 0.985) increase the gravity. 

Mineral oil or petroleum forms a very cheap adulterant 
for linseed, but retards drying and in large amount may 
cause “sweating” and decomposition of paint coating. 

Water may be incorporated with linseed oil in the form 
of an emulsion by adding glue, sugar of lead, carbonate of 
soda, silicate of soda, borax, etc., for cheap “barn jiaints” 
containing iron reds and ochres. f 
Mineral oil, being non-saponifiablc, may be sejiarated by 
saponifying other oils and then extracting with gasoline or 
petrolic ether. 

* Analyst, 1898, p. 317. 

t Hoff, Paint and Varnish Facts and Formuhe, 1905, p. 76. 
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A dark color in itself docs not signify adulteration, and 
a slight fishy’’ odor does not necessarily indicate the 
presence of a lish oil, but may be due to the method of 
heating, temperature, driers, etc. 

liempseed oil is a frequent constituent of linseed oil from 
admixture in original seeds. Hempsced oil gives a pasty 
green soap with caustic potash, while the soap from linseed 
is usually dark brown. liempseed produces a greenish 
coloration with concentrated hydrochloric acid, while pure 
linseed gives a yellow color. 

Rosin oil would impart more or less bloom” and pitchy 
odor, increase viscosity and gravity, give low saponification 
value, low bromine addition, and high bromine substitution 
figures. Mineral oil would reduce all the constants. 

Imi'ortant Tests on Linseed Oil 

Specific Gravily: — 

Sp. gr. of raw linseed oil, 0.931 to 0.937 at 15. 5*^ C. 

Sp. gr. of boiled linseed oil, 0.931 to 0.950 at C. 

I^owered by cottonseed oil. (S]). gr. 0.922-0.930 at 15.5*^ C.) 

Lowered by corn oil. (Sp. gr. about 0.924 at 15.5^0.) 

Lowti*(‘d ])y mineral oil. (Sj). gr. 0.S50-0.925 at 15.5” C.) 

Increased by njsin oil. (Sp. gr. 0.970-1.000 at 15.5"^ C.) 

Unchangc'd by nuadiaden oil. (Sp. gr. about 0.930 at 1 5.5" C.) 

Volalilc Oil or Thinner {Tnr penline or Benzine): ~ 
Obtained by distillation with steam (Mcllhiney’s Process), 
tiu'n collected, measured or weighed, benzine is sejiarated 
from tuipentine by allowing a measured quantity to fall, 
dro]) by dro]), u])on fuming nitric acid in a llask fitted with 
rellux coiulenser, and cook'd, whereliy the tuiqientine is 
destroyed. Benzine, unalTected, is washed in a sejiaration 
funnel and measured. 
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Acid Figure: — Expressed in milligrams KHO per gram 
oil should be less than s** Increased by rosin; also by 
mineral acids used in refining. S to lo grams oil arc heated 
with alcohol neutral to phenol-phthalein, shaken and 
titrated with N/2 KHO. 

Koettstorjer Figure: — Should not be less than 186 nor 
higher than 196 for either raw or boiled oil. Figure lowered 
by mineral oil, rosin oil, or turpentine. 

UnsaponifiaUe Non-volatile Matter: — Should be less 
than 2.5 per cent. Any mineral or rosin oil ];)resent may 
be extracted from saponified oil with ether; the extracted 
oils are weighed, then heated with nitric acid (sp. gr. 1.2) to 
convert rosin oil to a resinous mass which is treated with 
petrolic-ether to remove any mineral oil. 

Livache Drying Test: — Action of finely precipitated lead 
on film of oil in a watch-glass. Weight increased by ab- 
sorption of oxygen; greater with linseed than with men- 
haden oil. 

Maumene Test: — Rise of temperature with sulphuric 
acid is greater with menhaden than linseed oil. 

Bromine absorption and substitution figures and hexa- 
bromide test as described. 

Bromine Absorption Method 

Besides addition products, bromine also forms substitu- 
tion products — slight with seed oils, but pronounced witli 
turpentine, rosin, and rosin oils — through replacement of 
hydrogen. 

According to Mcllhiney, the Hiibl iodine jirocess fails 
to distinguish between addition and suljstitution of luilo^ 
gen.t Hence, the “Bromine Substitution Figure,’’ advo- 

Mcllhiney Sabin’s Technology of Paint and Varnish, p. 56. 

t Sabin’s Technology of Paint and Varnish, 
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cated by Mcllhiney, affords a valuable means of indicating 
adulterations of the oil sample with above substances. 

Outline of Mcllhincy's Bromine Method : — Place 0.2 gram 
oil, 10 c.c. carbon tetrachloride, and 20 c.c. N/3 bromine 
in CCI4 (by pipette) in a dry glass-stoppered bottle. 

Pipette a separate 20 c.c. N/3 bromine in CCI4 into a 
similar glass-stoppei*ed bottle for a blank test. 

Cool the bottles. Reaction is nearly instantaneous (few 
minutes). Slip piece of rubber tubing over neck of bottle. 
Introduce 25 c.c. neutral 10 per cent potassium iodide 
solution, pouring iodide solution into ^^welP’ formed by 
tubing and lifting stopper slightly to allow solution to be 
sucked into cooled bottle, thus preventing loss of bromine 
and hydrobromic acid. Shake, place on ice a few minutes, 
since heat of reaction might cause expansion and loss of 
vapors. Titrate free iodine with neutral N/io sodium 
thiosulphate (using little starch indicator) for the total 
amount of bromine absorbed. Next add 5 c.c. neutral 2 
per cent potassium iodate (KIO3) solution with little more 
starch indicator, and titrate the liberated iodine, equiva- 
lent to the hydrobromic acid produced in the original re- 
action. 

{a) 0 IIBr+6 Tvl^b 111+6 KBr. 

(/;) 0 III +KI()3-3 I, +3 II.O+KL 

0/ + /0 6 JlBr+O KI + Ivr()3-3 r,+3 11*20+6 KBr+KI. 

(r) 3 I2+6 Na2S20a = 6 Nal+3 NaoS./),*, (sod. letrathionate). 

i c.c. N/io NaoSaOa-S IT2O, or 0.024(80 gram thiosulphate, 
is e(iuivalcnt to 0.01265 gram iodine, 
or eciuivalent to 0.00800 gram bromine. 

Regarding the foregoing reactions, experiment shows 
that KlOa reacts with HBr to liljerate bromine in solu- 
tion, and that on adding a solution of KI a separation of 
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solid iodine takes place, which is soluble in an excess of 
KI and CCI4. 

KI and KIO3 show no reaction with each other. 

The formation of HI from solid KI and concentrated 
HBr is hardly apparent in the cold, yet the transposition 
evidently takes place on heating, since the white solid 
deposited on cooling and after washing with 90 per cent 
alcohol gives tests for bromide with dilute sulphuric acid 
and potassium bichromate as shown by the liberation of 
bromine and absence of the iodine color test with chloro- 
form. Likewise, the acid solution gives a pronounced test 
for iodine and little or no bromine. Similar tests also in- 
dicate that in cold dilute solutions of KI and HBr the 
production of HI is slow, partial, or incomplete, and that 
the addition of an oxidizing agent like KIO3 is essential. 

To obtain the Bromine Addition Figure,” subtract 
twice the “Bromine Substitution Figure” from the total 
bromine absorption, for just as much more bromine is 
required to form hydrobromic acid as is required to substi- 
tute hydrogen in the “fatty chain” of the oil sami)lc. 

McIUiiney* prefers the bromine method to the Hiibl 
process, because the former is quicker and tlic standard 
solution, unlike the Hiibl solution, does not deteriorate on 
keeping if properly closed; that is, it is always ready and 
there is no delay in action of the reagents. 

Bromine addition figure for raw or boiled oil, too to no. 

Bromine substitution figure for raw or boiled oil, 3 to 5. 

The substitution figure is increased by turpentine, rosin, 
and rosin oil, which have hgurcs varying from 20 to 90. 
The addition figure is lowered by rosin, rosin oil, benzine, 
and mineral oils, which have figures lower than 15. The 

* Sabin's Technology of Paint and Varnish, 1904, pp. 47-51; also 
Drugs, Oils, and Paints, Phila., Aug., 1901, p. 90, 
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addition figure for turpentine is higher than no; corn oil, 
73; and cottonseed oil, 63. 

Boiled Linseed Oil 

Boiled oil, produced by heating with litharge and other 
drying agents, is generally much darker than' raw oil, 
especially if small amounts of manganese are present. 

The object of boiling seems to be the coagulation of 
slimy or mucilaginous matter, which settles out on stand- 
ing, thus clarifying the oil, and the presence of which 
might affect the drying properties. 

According to the method of boiling and treatment, 
various grades are obtained which may differ considerably- 
in their chemical constants. 

The oil should be clear and of a light color, especially if 
it is to be employed with light-colored pigments. 

Long continued boiling at an elevated temperature 
simply results in ‘^cracking up” the glycerides and pro- 
ducing a darker colored oil, especially if manganese be 
present. 

For paint purposes the oil should not be heated above 
to 200° C., and then only for a short period to drive 
out moisture, introducing the driers after first removing 
from the fire. 

Thickened linseed oil of a light color may be j)repare(l by 
heating with driers in a current of hot air, at a tem])era.- 
ture of 100° C. (more or less), using agitation or spraying 
apparatus according to method desired. The thickened 
oil may be dried in layers on ('heese-cloth, forming an 
elastic yellow linoxyn product which serves when kneaded 
with cork or sawdust for the manufacture of linoleum. 

“ Burnt” linseed oil, such as used for printer’s ink, is made 
by heating the oil for several hours at an (elevated temper- 
ature to '^80° C.) until it becomes thick, strinew. and 
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Sticky. It has a “scorched’’ odor and a dark color due 
to partial decomposition and separation of finely divided 
particles of carbon. 

Varnishes, Japan driers, etc., are usually composite 
mixtures of boiled oil, gum resins, rosin (colophony), ole- 
ates, linoleates, and resinates of lead and manganese, with 
or without thinners as turpentine or benzine. Spirit 
varnishes are made by dissolving shellac, rosin, sandarac, 
mastic, benzoin, etc., in alcohol or turpentine. 

Pyroxylin varnishes usually contain amyl acetate, 

Proportion op Driers 

The proportion of mixed driers in boiled linseed oil is 
generally small, the total mixed oxides (PbO and MnO) 0I3- 
tained by analysis rarely exceeding 0.25 per cent ({: of i per 
cent) of the oil sample — equivalent to about 1.5 per cent 
to 3 per cent in the form of soluble resinate or linolcate. 

The PbO is usually in excess of the MnO in a ratio 
varying from 3 : i to 5 : i. 

Fused resinate of lead, as prepared by the author, con- 
tains about 9 per cent PbO, and resinate of manganese 
about 6 per cent MnO — each having an excess of rosin, 
thus approximating formulae given by Andes. 

To form a ratio of 3 PbO : i MnO with above resinates, 
a mixture of 2 parts of the lead resinate with one part of 
manganese resinate would be necessary in which the 
mixed oxides would average 8 per cent — this constituting 
the 0.25 per cent of the oil sample. 

Thus: 

Resinate (PbO, 9 per cent), 2 parts, 18 per cent P 1 ) 0 . 

Resinate (MnO, 6 per cent), i part , 6 per cent MnO. 

3 parts )24 per cent total. 

8 per cent average 
mixed oxides. 
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Now, if 0.25 per cent represents 8 per cent mixed oxides in 
resinate added, then the equivalent of resinate, as such, 
would be found by the proportion 0.25 : a; :: 8 : 100, where 
X equals 3.12 per cent resinate in oil. 

Referring to Amsel,* pure resinates of lead and man- 
ganese should contain amounts of lead and manganese 
wlrich would be equivalent to about 25 per cent PbO and 
8 per cent MnO respectively; but the metallic content is 
often lower depending on the amount of rosin present, 
combined and uncombined. 

According to Andes, f the linoleates contain similar 
amounts of the metals in combination. 

To obtain a ratio of 5 PbO : i MiiO from these percent- 
ages, it would be necessary to use 5 parts of the lead com- 
pound with 3 parts of the manganese compound, thus: 

Resinate (PbO, 25 per cent), 5 parts, 125 per cent PbO. 

Resinate (MnO, 8 per cent), 3 parts, 24 per cent MnO. 

8 parts ) 149 per cent total. 

18.6 per cent aver- 
age mixed oxides. 

Now, if t 8.6 per cent mixed oxides in the resinate (or 
linolcate) cmi)l()ye(l constitute 0.25 per cent {} of i per 
cent) of the oil sample, then its equivalent in metallic 
iinoleate or resinate, as such dissolved in the oil, would be 
indicated ))y the following ])r()portion 0.25 : x : : r8.6 : 100, 
where x ecjuals i .34 per cent resinate or Iinoleate as the case 
may be. That is, the metallic resinate or Iinoleate existing 
as drier in the oil will 2)robaljly average less than 3 per 
cent in the sam])le. However, certain liquid driers and oil 
varnishes may contain higher i)ercentages. 

In producing ^'boiled oir’ the driers (either as mixed 


* Analyst, i8g6, p, 261. 
t Drying Oils, etc., lyoi, p. 163. 
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resinates or a mixture of litharge and manganese rcslnate) 
may first be dissolved in a small quantity of oil heated to 
i8o° C,, and this in turn incorporated with a larger body of 
oil at a lower temperature (loo^^ C.)* Or, the metallic 
oxides as such may be heated directly with a small quantity 
of oil at 250° C. to 300° C., forming a dark liquid, wliicJi 
may be stirred into the main body of oil at a lower tem- 
perature (100° C.), thus forming a paler product. Or, a 
solution of manganese resinate in hot turpentine (i part of 
resinate in 4 parts turps) may be prepared over a steam- 
bath and, after stirring until dissolved, cooling, settling, 
and filtering, it may be added cold in small amounts to the 
raw oil as needed. Various other methods may be em- 
ployed by the manufacturer; but, at low temperatures 
(40° C.), only soluble or liquid driers should be em])loycd, 
since metallic oxides require higher temperatures with a 
corresponding darkening of the oil. 

High percentages of linoleate or resinate tend to pro- 
duce excessive amounts of foots’’ and sejxiration of drier 
without increasing drying properties of the oil. In fact, 
the writer ascertained by experiment that hot linseed oil 
(180° C.) would not take up more than a small amount of 
prepared linoleates of lead or manganese, the rest being 
insoluble or separating on cooling. Again, a mixture of 
manganese resinate and lead linoleate exhilfited a IxUter 
drying action than a mixture of corresponding linoleates. 

Determination of Driers in Oil 

Incinerate 5 grams of the oil sample in a small porcc'lain 
dish under a hood or in a well-ventilated i)lace. 

Treat the residue or ash with hot dilute hydrochloric 
acid (1:1) — odor of chlorine indicates manganese — 
filter hot, and wash. To filtrate add a little siiliiluiric acid 
fiimoQ fnnm'ncr PliSO. wbirli is washed. 
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dried, and weighed on a tared filter. The presence of 
small amounts of siliceous matter from the ash may be 
ignored; but if desirable, the PbS04 may be dissolved out 
with hot ammonium acetate solution. — leaving Si02, etc., 
behind — and the filter rewashed, dried, and weighed again 
to determine PbSOd by loss. Calculate to PbO. Or, the 
PbS04 may be rcprecipitated from the cold ammonium 
acetate solution by adding dilute sulphuric acid and about 
10 per cent alcohol, filtering and washing with i per cent 
dilute sulphuric acid followed by strong alcohol.* Or, the 
cold ammonium acetate solution may be slightly acidified 
with acetic acid, the lead precipitated with a moderate 
excess of standard potassium bichromate solution, the 
PbCr04 thus formed being filtered and washed, and the 
excess of bichromate in the filtrate and washings titrated 
with standard sodium thiosulphate solution. f A blank 
titration on the amount of bichromate employed gives 
the difference from which the amount of PbO may be cal- 
culated. 

For manganese, the original acid solution containing 
washings — from treatment of ash rCvSidue for lead — is 
boiled witli a little hydrochloric acid and a slight excess of 
ammonium hydrate to remove iron and alumina if present, 
filter, concentrate, add little acetic acid and bromine, and 
heat to precipitate manganese. Ignite and weigh as 
MiiaO.!. Calculate to MnO. 

PAINT ANALYSIS 

Turpcnlbic, Benzine^ Gasoline Thinner, etc .: — Weigh from 
50 to 100 grams paint in a counter])oise(l round litre flask, 
containing a little water to prevent i)aint from adhering to 
the bottom, connect with condenser, and distil with steam. 

* Miller, Qu.'int. Anal., igoy, j). 105. 
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Transfer distillate to graduated stop-cock cylinder, read off 
turpentine, benzine, or gasoline layer, separate from 
water, and determine specific gravity. In presence of 
benzine, the turpentine may be destroyed by means of 
nitric acid.* 

Pigment: — Weigh 25 grams mixed paint in a 500-c.c. 
Erlenmeyer flask, add 200 to 300 c.c. gasoline, shake, lay 
on side, settle over night, filter, repeat operation, and re- 
serve gasoline filtrates for oil. A more rapid extraction 
has been proposed by Keeler, f who uses a Gooch suction 
filter, packed with a heavy bed of fine asbestos. 

The pigment may contain yellow ochre as Fe2(OPI)(i, clay 
body, etc.; iron reds (Fe203); umbers and siennas (FeaOs, 
Mn02, clay, etc.) ; gypsum (CaS04) ; barytes (BaSO.i) ; lead 
sulphate (PbSO^); white lead (PbOaFE, 2 PbCOj); zinc 
white (ZnO) ; whiting (CaCOs) ; witherite (BaCOj) ; chrome 
yellow (PbCr04); chrome green (CraOji); Paris green as 
Cu(C 2H302)3, 3 CUO.AS2O3; Prussian blue as Fe.i(I''et'N(i)3; 
ultramarine blue as (Na2Al2Si208).i.Na2Si; carbon blaiE, 
lampblack, graphite (C); silica (SiOa); red lead (PliaO.,); 
antimony red (SbaOSa); vcrmillion (HgS); vermillionettes 
(eosin-tinted pigments); carmine lake, etc. lurst, make 
qualitative tests, then construct a. scheme for (juantitalive 
separation. Use dilute acetic acid to separate white lead, 
zinc white, whiting, witherite, etc., from insolul)le sulj)hate, 
PbS04,BaSO.i,CaS04,Si02, clay, etc.J Dige.slion of [fie 
residue with ammonium carbonate converts P 1 )S()., and 
CaSO.i into carbonates which may be dis.solved out with 
dilute acetic acid, leaving BaS0.i,Si02, clay, etc., unaltered. 

If CaSO.i is present, then PbOoIf^.a PbCOj on treatment 
with dilute acetic acid produces a precipitate of J’)rSO,i, 

* Phillips' Engineering Chemistry. 

t Jour. Incl. and Eng, Chem., Se[)teml)er, iqio, p. 388. 
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not originally present. Note also that PbS04 is soluble in 
hot ammonium acetate, as a separation from BaS04, in- 
soluble, and from CaS04 and Si02. After extraction of 
oil, the pigment usually retains some insoluble gummy 
matter or dried linoleate, which may be dissolved or re- 
moved with weak caustic potash before attempting exami- 
nation or separation of mineral contents. 

Oil Extract {Gasoline Filtrates): — Evaporate gasoline 
filtrates in a weighed beaker over a steam-bath. Weigh 
total residue and drier. 

Driers : — Incinerate 5 grams oil and test ash; or, transfer 
the oil extract to a separation funnel, shake well with 
dilute HCl, repeat, combine HCl solutions, evaporate and 
test for lead and manganese. Note that white-lead and 
red-lead pigments exert drying action on oil independently 
of added drier, and may retain some Pb soap combination. 

INSOLUBLE SOAPS (SO-CALLED) 

Oleatcs, stearates, and palmitatcs of the alkalies — 
K2O, Nu'iC), etc., — are known as soluble soaps; that is, 
they are soluble in water. Soda soaps are insoluble in 
brine. 

( )Icatcs, stearates, and {)almitates of the alkaline earths — 
LaO, HaO, MgO, etc. -- and also of the heavy metals — 
Id), Cm, Fe, Zn, etc. --are soaps, insoluble in water. 

S()ai)s insolulde in water do not have potash or soda 
Ijases. Phus, a lime soap may be formed when ordinary 
soaj) is dissolved in hard water, the insoluble soap being 
prccii)itated as a “scum.” Likewise, when a fat is saponi- 
fied with hydrated lime, the resulting oleate or stearate 
is (luite insoluble and does not produce a “lather.” The 
barium and strontium soaps are similar. 

l\yr . • r >• ... 
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solved in sea-water, hence the use of specially prepared 

marine soaps/’ more or less soluble in salt water, and made 
from cocoanut or palm oils. 

Aluminum soap is one of the principal insoluble soaps, 
generally precipitated with aluminum acetate or sulphate. 
Alumina (AI2O3) does not saponify fats, but if sodium or 
potassium aluminate is used, then the aluminum soap is 
formed. 

Materials may be waterproofed by treatment with alu- 
minum acetate followed by soap solution. 

Goods may be mordanted with aluminum salts, colored 
or dyed, and pressed with soap solution, whereby aluminum 
oleate is formed, thus fixing the color. 

Zinc soap may be formed by double decomposition of 
zinc sulphate and soda soap, forming yellowish-white 
masses easily dried, or it may be formed directly by 
heating zinc white with olive oil, yielding “zinc plaster.” 

Lead soap, or “lead plaster,” is a yellowish-white plastic 
mass formed by decomposition of a soluble soap with lead 
acetate, or by heating litharge with olive oil. 

Tin soap, prepared from a soluble soap by precipitation 
with tin protochloride, has been used as a mordant for 
certain vegetable dyes. 

Copper soap, obtained by precipitating a soap solution 
with blue vitriol, is a greenish mass, which, when dry, is 
readily soluble in alcohol, ether, and oils. 

Iron soap (the most peculiar of all) as the oleate is a 
slimy, dark-red pasty mass, having a strong metallic odor 
and may be precipitated from a soap solution either with 
neutral ferric chloride or with ferrous sulphate (iron 
vitriol). Iron stearate, from sodium stearate and iron 
salt, is a brown granular mass with slight odor. Precipita- 
tions should be made from hot solutions. 
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turpentine, and, if properly incorporated with varnish oil 
and turpentine drier (Japan drier or resinate), should pro- 
duce desirable stains or coatings for shingles or plaster casts. 

Oleates of fair quality may be prepared from hot aqueous 
solutions of castilc soap by diluting and adding the re- 
quisite quantity of a neutral solution of the chloride or 
sulphate of the desired metal. In this manner, the oleates 
of Zn, Al, Fc, Pb, Cu, Ba, Ca, etc., are readily obtained, 
all more or less soluble in ether or turpentine. 

Stearates and palmitates may be derived from stearic 
acid or palm oil by saponifying and precipitating with 
metallic solutions in the usual manner. Special methods 
witli alcoholic solutions arc employed to separate stearates 
from palmitates or oleates, depending on the use of lead 
and magnesium salts. 

Lead stearate may be produced directly by “double 
decomposition” from potassium stearate in alcoholic solu- 
tion, thereby eliminating olcatc.'^' 

The palmitates resemble the corresponding stearates. 

As to soluble soaps, the soft potassium compounds are 
more soluble than the hard sodium compounds, both 
forming, when concentrated, jelly-like solutions with water. 
Mixed with alcohol the acpieous gelatinous soap is known 
as “o[)()deldoc.” 

Lead Olcatc, Pb(CiBlI;{:jC)i>) 2 , is the main ingredient of 
medicinal “lead plaster,” derived directly by heating 
litharge and olive oil. It may also be j)rei)ared from sodium 
oleate by “double decomposition” with lead acetate in a hot 
aqueous solution, forming a cream-white ju-ecipitate which 
dries in air to a white j)()wder and melts at 8o^ C. to a 
yellow oil, which on cooling solidides to a translucent 
body. Soluble in alcohol, ether, turpentine, and })etrolic 
ether; ordinary soaps are i)ractically insoluble in petrolic 
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ether. Its solubility in ether distinguishes it from lead • 
stearate and palmitate. 

Lead Stearate, Pb(Ci8H3602)2, prepared by ^'double de- 
composition” from potassium stearate and lead acetate, 
preferably in alcoholic solution, yields, after drying in the 
air, a white powder melting at 125° C. After melting, 
it cools to an opaque mass. Insoluble in alcohol, ether and 
petrolic ether in distinction from lead oleatc, linolate, or 
ricinolate.* 

Lead Palmitate, Pb(Ci6H3i02)2, is similar to the stearate, 
in solubility, but its melting-point is lower, from 108° C. 
to 112° C. Generally, the palmitatcs arc more soluble 
in alcohol, especially in presence of acetic acid, than the 
corresponding stearates. 

Aluminum Oleate, Al(Ci8H3302)3, well-known as an oil 

thickener,” may be derived from sodium oleate by pre- 
cipitation with aluminum sulphate in hot aqueous solution. 
The wet precipitate is cream-white, sticky, plastic, and 
more or less elastic. It may be dried by melting down over 
a low flame — on an enameled plate — yielding a trans- 
lucent, brown, elastic, viscous mass. 

Aluminum Palmitate, Al(CiGH3i02)3,t stated to l^e an 
elastic amorphous mass, soluble in turpentine and petrolic 
ether, forming a viscid varnish, which, on evaporation, 
forms an elastic, odorless film impervious to water. 

For Insoluble Linoleates: First prepare soluble sodium 
(or potassium) linoleate, from which the other metallic 
linoleates may be derived, thus : J 


Raw linseed oil 10 oz. (approx. 280 grams). 

Caustic soda 1.5 oz. (approx. 40 grams). 

Water 25 oz. (approx. 700 grams). 


* See Allen, Vol. II, pt. i, pp. 256-257. 
t J.S.C.I., 1882, p. 278. 

t For comparison, sec Andes, Dryin^j: Oils, Boiled Oils. etc.. 1001. d. 200. 
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Heat to boiling in agate-ware kettle, frequently stirring 
with a broad spatula. Continue boiling, occasionally add- 
ing water to compensate for evaporation, until the mass 
becomes stringy or “ropy” on spatula. 

The caustic alkali should be slightly in excess of the 
theoretical amount, thereby tending to promote a more 
rapid saponification. 

Time required: two hours or longer. 

On cooling slowly, the mixture should approach a jelly- 
like consistency. 

If caustic potash lye be employed, the sodium compound 
may be obtained by “salting out,” since sodium soaps are 
insoluble in brine. 

The soapy mass of sodium linoleate is quite soluble 
in pure water, and from the solution, preferably hot, various 
insoluble metallic soaps may be derived by simple precipi- 
tation with the corresponding metallic salt. 

Manganese Linoleate: — This is precipitated from a hot 
solution of linseed oil soap (sodium linoleate) by adding a 
hot solution of manganese chloride, MnC^.q H2O — about 
20 per cent strength — until the linoleate is completely 
separated, using alx)ut two-thirds as much manganese salt 
by weight as linseed oil soap in solution. Wash the slimy, 
])asty mass by decantation with hot water, and, if neces- 
sary, melt over low dame on enameled plate to a dark- 
brown translucent elastic mass. 

Lead Linolealc: — lliis is derived easily from a hot 
solution of linseed oil soap, using a solution of lead acetate 
as the reagent. The lead linoleate, which separates as a 
curdy, white mass, should be wa,shed by decantation with 
hot water, then liltered, dried, and nielted on an enameled 
])a.n to a yellowish translucent mass. It is soluble in warm 
turpentine. Alone, its drying action on raw linseed oil is 
very slow, but is quickened by presence of very small 
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amounts of manganese compound and sufficient turpen- 
tine. 

Lead-manganese Linoleate: — A fused mixture of three 
parts lead linoleate and one part manganese linoleate — 
much used as a drying medium. When dissolved in tur- 
pentine or hot linseed oil and ^'run into’’ various melted 
gums and “thinned” with turpentine, it forms a liquid 
“drier” or varnish. 

In preparing boiled linseed oil with linoleate driers the 
oil is usually heated to 180° C., or above, to drive out 
moisture and clarify; then the mixed linoleates (3 per 
cent to 5 per cent), previously dissolved in a little oil, arc 
incorporated. 

According to the writer’s experience, the metallic rcsi- 
nates seem to possess more active drying properties than 
the corresponding linoleates, and a combined resinate and 
linoleate is apparently better than either alone, as, for 
instance, lead linoleate and manganese resinate in suitalde 
proportions. 

The metallic resinates may be derived either by precipi- 
tation or by fusion of the constituents. 

To form resinates by precipitation it is first necessary 
to prepare a rosin soap or resinate of soda, as follows: 

Rosin Soap {Resinate of Soda): — 

Use a large agate-ware kettle. 


160 parts water 8 lbs. 

100 parts common rosin 5 ll)s. 

20 parts dry soda ash i \h. 


Heat the water and soda ash (dry carbonate) together, 
and add rosin in small lumps. 

The rosin combines with the soda, driving out the CO2 
and producing froth. 

Neutralize by adding more rosin or soda as may he 
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required, until the frothing subsides, and continue boiling 
until solution becomes clear brown, occasionally adding hot 
water to make up loss by evaporation. 

The operation may require one or two hours. 


Other Formula: — 

100 parts water 5 lbs. 

100 ])arts common rosin 5 lbs. 

100 parts washing soda, Na2S04.24 H2O ... 5 lbs. 

or 

160 parts water 8 lbs. 

100 parts common rosin 5 lbs. 

15 parts caustic soda (NaOH) f lb. 


Lead Rcsinatc by Prr^fipitation: — Take a boiling hot 
solution of rosin soap, dilute it somewhat, and stir in 
slowly a moderate quantity of saturated lead acetate or 
sugar of lead solution until the mass coagulates or separates 
into white curdy lumps. 

Decant the aqueous portion, add more hot water, and 
wash on a ril^bed lilter. Spread out same to dry on porous 
])rick or tile. It dries to a cream-white pulverulent powder, 
which is soluble in warm turj)entine. 

dlie r(\sina.te may l)e incorj)orated with hot linseed oil 
at (\, in modtM'ate amounts, the material dissolving 
in tlu‘ oil as fast as any residual moisture fries out.” 

M (iny^iDicsv Rcsiuale by Prcci pilalion: "-Start witli a 
boiling hot solution of rosin soap, and add in a thin stream 
a modcM'ately concentrated solution of manganese chloride 
(MnCdo.q I Id)) with ta)nstant stirring until the mass curdles 
or se])a.rates. 

Decant, wash l>y adding more hot water, and ('ollect on 
a^ ribbed Idler. S])rc‘ad out to dry on warm brick or tile. If 
lUH'essary, the dried material may be melted or fused on a 
Hat enameled dish at a gentle heat, when it becomes darker. 
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Lead Resimte by Fusion: — Melted rosin will take up 
from 10 per cent to 20 per cent of litharge in combination, 
forming a clear product of resinate of lead very similar in 
appearance to the original rosin. 

Perform the operation in an agate-ware or iron pot 
of three or four times greater capacity than the bulk of 
material to be prepared — to preclude the possibility of 
frothing over. This should be done over a low lire or 
flat burner. 

For example, first melt common rosin, 9 parts by weight. 
Then stirring with spatula, gradually add litharge powder, 
I part by weight. When the fusion is complete and the 
melted liquid runs off the spatula clear, allow to cool by 
standing; and when thoroughly cold and solid, invert the 
pot on a sheet of paper spread on the floor. Then by knock- 
ing or slamming the pot on the paper, the brittle mass 
cracks or becomes loosened and falls out. 

Lead resinate is quite soluble in hot turpentine. Alone, 
without manganese, it imparts very little drying action 
to linseed oil. 

Manganese Resinate by Fusion: — Use the pure manga- 
nese hydrate. Ordinary black oxide or peroxide of man- 
ganese is too hard and does not fuse properly with melted 
rosin. 


Manganese hydrate i part by weight. 

Common rosin 9 parts by weight. 

Melt the rosin first in a deep agate-ware pot over a moder- 
ate heat or flat burner. Then, gradually add the iinely 
powdered manganese hydrate, constantly stirring until 
frothing subsides. 

The temperature should not be above 200° C. or 205"" C., 
to avoid burning by rapid oxidation or overflow. Contiiuie 
heating until the melt clarifies. Cool by standing; invert 
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the pot and remove the brittle mass by knocking on paper 
spread on the floor. 

If properly done, there should not be any manganese 
residue on bottom of melt; if any, it should be slight. 
The color of the product is somewhat darker than the 
original rosin. 

It is quite soluble in hot turpentine in the proportion of 
I : 4 by weight, giving, on digesting over a steam-bath 
and cooling by standing, a clear wine-colored fluid or 
liquid drier,” quite active with raw linseed oil. 

For Luster Work on Glass 

Solutions of various metallic resinates in lavender oil or 


turpentine have been proposed. 

Lead Resinate: — Melt together 

Lead acetate sugar of lead”) ....... i weight 

Common rosin 3 weights 


Cool, crush, and dissolve in warm turpentine. 

Copper Resinate: — Add a solution of copper sulphate 
to a hot rosin-soap solution. Wash the precipitate of 
copper resinate on a iilter, dry at a moderate temperature, 
and (li.ssolve in hot lavender oil or turpentine. 

Iron Resinate: — Add ammonium car])()nate to a solu- 
tion of ferric ('hloride until a neutral red color is formed 
without precipitat(‘. Then add the .same to a hot solution 
of rosin soaj). C'ollect the ])reci])itale of iron resinate and 
wash on a ribbed filter. After drying dissolve in hot 
lavender oil or tuipentine. 

The oil solutions of the metallic resinates are applied with 
a brush to the glass article which is then heated in a muffle, 
whereby the organic matter is destroyed, re.sulting in the 
formation of gases which exert a reducing action. 
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FATTY ACIDS 

Mechanical Separation: — Since the fatty acids of the 
stearic series are solid at ordinary temperatures, while 
other series (as oleic, linolic, and ricinolic) arc liquid, their 
separation may be effected by filter-pressing as in the case 
of solid or liquid fats. 

Chemical Separation: — A general method for separat- 
ing stearic acid and its homologues from oleic and other 
fatty acids is based on the fact that the lead compounds of 
the stearic series are almost insoluble in ether, while the 
corresponding compounds of the other fatty acids are 
soluble. 

Soluble in Ether or Petrolic Ether: — Lead oleate, hypo- 
geate, linolate, and ricinolate. 

Insoluble in Ether or Petrolic Ether: — Lead arachidate, 
laurate, myristate, palmitate, and stearate. 

Separation of Palmitic, Stearic, and Oleic Acids 

Twitchell * recommends the use of petrolic ether, vola- 
ile at 8o° C,, in which lead stearate and palmitate arc 
much less soluble than in ordinary ether. Therefore, 
saponify the sample with alcoholic KHO, add a drop of 
phenol-phthalein solution and then slowly, drop by drop, 
acetic acid until the pink color is just discharged.*!' 

Filter the liquid, add twice its weight of ether, and then 
an alcoholic solution of lead acetate. Note that lead 
oleate is soluble in ether. 

The white precipitate of stearate and palmitate of lead 
is filtered and washed with ether and then treated with dilute 
HCl in a hot aqueous solution. The liberated fatty acids 
are filtered and washed with hot water; then dissolved in 
boiling alcohol, and a hot alcoholic solution of magnesium 

*J.S.C.I., i8qs, SI6. 

t Allen. Comm. Ore. Anal.. iSoo. Vol. IT. nt. t. n. iCn, 
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acetate added, when, on cooling, magnesium stearate 
should separate.* 

Solubility in Alcohol: — 

Magnesium stearate, .insoluble cold; soluble in boiling alcohol. 
Magnesium palmitate. soluble in alcohol. 

Magnesium oleate. . . .soluble in alcohol and petrolic ether. 

Barium stearate moderately soluble in alcohol. 

Barium palmitate. . . .soluble in excess of alcohol. 

Barium oleate .difficultly soluble in boiling alcohol. 

Each fatty acid, as such, may be derived from the corre- 
sponding oleate, stearate, and palmitate by decomposition 
with liot dilute HCl, the liberated fatty acid separating 
as an oily layer on top of the hot acpieous solution, 
from which it may be separated by filtration through a 
ribbed filter in a hot- water funnel or air-bath; or, if solid 
at ordinary temperatiu'cs, by chilling and decantation. 

Palmitic acid may be easily obtained by saponifying 
spermaceti shavings with alcoholic KHO, using a rcllux 
condenser, and precipitating with a saturated solution of 
barium chloride. The ]:)arium palmitate is collected on a 
Canton flannel filter, washed with hot alcohol, decomposed 
with hot dilute HCl, and the palmitic acid repeatedly 
chilled and washed with hot water, and finally piirilied by 
alcohol (by crystallizing). 

It is well to note that the liberated fatty acids are all 
quite soluble in alcohol, in marked contrast to the glycer- 
ides or fatty oils or waxes from which they are derived. 

Certain fatty acids of the lower series, such as acetic, 
butyric, caj)ric, etc., a.re soluble in water or volatile with 
steam as distinguished from tlu' higher fatty acids, waxes, 
or hydrocarbons insoluble in water. 


See Allen, iSgg, Vol. JI, [)L. 1, i)p. 255, 263. 
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Determination of Melting-point 

The melting-points of fatty acids, fats, etc., are not 
always constant for the same substance, depending on 
whether the material has been melted or remelted several 
times at or above its fusing point; whether cooled sud- 
denly or slowly; whether its consistency is uniform or not. 

To insure uniformity in melting-point tests, the fatty 
acids (or wax as the case may be) should be melted slightly 
above fusing-point to eliminate moisture and suspended 
matter, then drawn up into tliin capillary tubes (about 
4 inches long, made from glass tubing), and after chilling 
for an hour or more, one of these may be selected and at- 
tached with an elastic band to the bulb of a long-stemmed 
thermometer, graduated to C., inserted in cold water 
or oil bath, and the temperature gradually raised until the 
substance liquefies and rises in the tube. 

Or, if desirable, the capillary tubes may first be sealed 
at one end and then contracted slightly, about | inch, 
beyond the end by heating gently in the tip of a small ilame, 
after wliich, the dry solid substance (in fragments or powder) 
may be introduced at the open end and shaken down and 
the melting-point determined by noting the temperature 
at which the solid melts and flows past the contraction in 
lower end. 

The capillary should be adjusted by band so that the 
lower or sealed end is next to or opposite the bulb of the 
thermometer. The other capillary tubes should be held in 
reserve for one or more check tests which are usually 
necessary, the first test being merely a guide to approxi- 
mate the melting-point. 

Differences in melting-points of different fatty acids may 
indicate origin and afford information in case of possible 
sophistication. Thus, the meltinp--nnint nf lUo 
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from true olive oil is about two-thirds that of the fatty 
acids from refined cottonseed oil (22° to 26° C. versus 
35° to 40" C.)* 

Mixed Fatty and Resin Acids 

It is preferable to liberate the fatty acids in the same 
beaker in which they are to be weighed. The layer of 
fatty acids, liberated from a hot soap solution by means 
of mineral acid, may form either a liquid, pasty, or solid 
layer on cooling. 

If the layer remains liquid on cooling, then a weighed 
quantity of bleached beeswax (cera alba) or of stearic acid 
may be added to the hot solution, so that on chilling a 
“cake’’ is formed which may be punctured and the liquid 
underneath drained out. Repeat the operation, washing 
with boiling water two or three times until the “cake” is 
purified or free from salts. The washings should be passed 
through a ribbed filter to collect any loose particles. Then 
place the beaker containing the fatty acids under the funnel 
and dissolve any remaining fatty acids on the filter with 
hot 95 ])er cent alcohol, allowing the alcoholic washings to 
run into the beaker. f Dry in a water-oven and weigh, 
d est a portion of the weighed fatty acids for rosin (or resin 
acids) by the Liebermann-Storch reaction. 

If present the resin acids may l)e se[)arated by Twitch- 
ell’s ])rocess, which depends on the fact that fatty acids in 
alcoholic solution, through which dry HCl gas is passed, 
form fatty esters, while the resin acids remain unchanged. 
Later, both esters and resin acids are extracted with 
petrolic ether, from which the resin acids arc removed with 
dilute caustic alkali, as solul^le resinates. 

* S(‘L' Oilrt, Fals, and Waxes, iSg4, pp. 60-70; also Allen, Comm. 

Org. Anal., iScg), Vol. 11 , pari, r, pp. 38, 23^. 

■1- j - A ' ■ 
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TwitcheWs Method:'"^ — Dissolve 2 or 3 grams of the fatty 
and resin-acid mixture in 10 times its volume of absolute 
alcohol, using a suitable flask. Immerse flask in water 
to cool solution and pass a moderate stream of dry hydro- 
chloric acid gas through the liquid for one hour. Raidd 
absorption takes place. Finally, the esters separate and 
float and absorption ceases. The liquid, in two layers, is 
diluted with 5 times its volume of water and boiled until 
the aqueous portion is clear, the esters and rcwsin acids 
floating on top. Cool, transfer to a separatory funnel with 
petrolic ether (B. P. below 80° C.), shake, run olf acid 
solution, wash ether layer once with water, draw olf wash- 
ings, then treat ether solution in funnel with a solutioii of 
0.5 gram caustic potash, 0.5 gram alcohol, and 50 c.c. water, 
whereby the resin acids are saponified. Shake and sepa- 
rate, The solution of resinate is drawn off and the ether 
layer washed once more with dilute alkaline solution. The 
alkaline solutions are combined and treated with hydro- 
chloric acid to liberate resin acids which may be collected, 
dried, and weighed. 


WAXES 

True waxes, on saponification, yield a soap and higher 
alcoholic bodies, but no glycerol in distinction from 
ordinary fatty substances. 

Paraffin, or mineral wax, is non-saponifiablc, belongs 
to the ^'hydrocarbons,” and is, therefore, not a true wax 
(see later). 

Japan Wax (not a true wax) is a vegetable fat olitained 
from berries of Rhus succedanea, Japan, and consists chiedy 
of palmitin or “propenyl palmitate,” C;Ji6.(CioII:n(b);i, to- 
gether with laurin and a little stearin. Its iodine absorp- 

* Comm. Org, Anal., 1899, VoL II, part i, pp. 107-108; also Sherman’s 
Organic Analvsia. 
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tion is low — 4.2 per cent to 6.6 per cent, — but it requires 
21 per cent to 22 per cent KHO for saponification, forming 
glycerol. 

Myrtle or Bayberry Wax (not a true wax) is a vegetable 
fat obtained from the berries of Myrica cerifera, a tree found 
in Maryland, Florida, and Texas. It is a hard, pale green 
substance consisting mainly of palmitin, laurin, myristin, 
etc., and requires 21 per cent KHO for saponification with 
formation of glycerol. Therefore, like Japan wax, it is 
not a true wax. 

Beeswax (yellow “ cera flava ” or white “ cera alba ^0 
is mostly “myricyl palmitate,’^ C30FI61.C1CH31O2, with 12 
to 16 per cent free cerotic acid. Its iodine absorption varies 
from 2 to II per cent, depending on quality, bleached or 
unbleached. It requires about 9.5 per cent KHO for sapon- 
ification and no glycerol is formed. 

Carnauba Wax (sulphur yellow and hard) is an exudate 
from leaves of wax palm, Brazil. Its composition is com- 
plex, but mostly “myricyl cerotate,’’ C3oH6i.C27tIr,302, with 
an iodine absorption of 7 to 9 per cent. It requires about 8.5 
per cent KliO for saponification and no glycerol is formed. 

Chinese Wax (white, crystalline, “ vegetable sperma- 
ceti ’0 secreted by insects on twigs of certain trees. It 
consists i)rincipally of “ceryl cerotate,” G27Hr,5.C27Hn302, has 
an iodine absori)tion of about 6.8 per cent, and requires 
about 6.8 per cent KHO for saponification, and no glycerol 
is formed. 

Spermaceti (pearly white and crystalline) is a wax 
obtained from the oil in the head and blubber of the sperm 
whale (Physeter macrocephalus). It consists essentially of 
^^cetyl palmitatc,’’ Ci(iH3:{.Ci(5H3i02, and, when pure, does 
not absorb iodine, although commercial samples may ex- 
hibit a slight absorption.* It requires from 12 to 13 per 

* Dnr An;il . iSnn Vnl IT I^f t onn-oro 
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cent KHO for saponification, forming solid cetyl alcohol, 
white when pure. 

Sperm Oil (a liquid wax), from the head and blubber of 
the sperm whale, consists principally of “dodccatyl oleate,” 
C12H26.C1SH33O2,* or possibly ''cetyl physetoleate,” 
C16H33.C16H29O2, as indicated by Wright, f It may also 

contain spermaceti and higher alcoholic bodies, but no 
glycerides. Its iodine absorption is from 83 to 85 per cent 
in marked contrast to spermaceti. It requires 12.5 iier 
cent to 14.5 per cent KHO for saponification, forming 
potassium oleate and dodecatyl alcohol Its specific 
gravity is quite low, about 0.878 and not over 0.884 
15.5'^ C., and about 0.825 at 99° C. 

Wool Grease, the English " Yorkshire grease,” " Suint,” 
or American "degras” — but not the true degras — is a 
dirty grease with foul odor, obtained hy scouring wool of 
sheep, and contains, besides fatty acids from soap employed 
in scouring, cholesterol, iso-cholcstcrol, esters of palmitic 
and myristic acids, other waxy sul)stances, nitrogenous 
matter, potash salts, as well as mineral oil used in lubricat- 
ing the wool.^ 

True Degras (French or German). English “sod-oil.” 
This is a greasy product derived from “chamoising” skins 
with whale oil, lish oils, or tallow, the excess being removed 
by scraping or pressing and washing with lye, and the 
liquid treated with acid to recover the oily matter. It 
should not be confounded with the American “degras” or 
“wool grease.” 

Pure Wool-Fat (Adeps Lanac). The anhydrous purified 

* Comm. Org. Anal., iSgg, Vol. II, pi. i, j). 45. 

t Oils, Fats, Waxes, clc., 1894, p. 4. 

t Alder Wright’s Oils, Imts, Waxes, etc., 1894, pp. 272, 273, 3^^7, 338; 
Thorp’s Outlines, Ind. Chem., 1899, p[). 320, 4.15; also “Degras,” U. .S. 
Customs Decisions, J.S.C.L, 1903, p. 171, and Jour. Am. Chem. Sue., 
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fat from wool of sheep.* A true wax according to Lew- 
kowitsch.f A pale yellow neutral substance, composed 
mainly of cholesterol, iso-cholesterol, and fatty esters de- 
rived by extracting wool grease with solvents (as acetone or 
gasoline), neutralizing fatty acids with weak alkali, sepa- 
rating and treating with oxidizing agents until entirely 
free from soaps, impurities, rancidity, or unpleasant odor. 
M. P. 36° C. 

Insoluble in, but miscible with, water which it absorbs 
to form an emulsified mass. Sparingly soluble in alcohol. 
Soluble in ether, chloroform, acetone, and benzol. Saponi- 
fiable with alcoholic potash under pressure and requires 
from 8.5 to 10 per cent KHO, 

Lanolin (Adeps Lanae Hydrosus, U. S. P.). Prepared 
by mixing the above pure, anhydrous wool-fat with 30 
per cent water, forming a yellowish-white ointment (M. P. 
about 40^ C.), which, in turn, may be further mixed with 
twice its weight of water without losing its consistency 
as an ointment. 

N. B, — The ether extraction of wool-fat, after saponi- 
fication, is tedious owing to emulsification due to solu- 
Inlity of cholesterol in soap solutions. Authorities differ 
on methods of analysis. 

Free Fatty Acids: — Titrate total free fatty acids in 
alcoholic solution. Evaporate the soapy solution, extract 
dry residue with ether to remove any cholesterol, etc., and 
acidulate for free fatty acids, insoluble in water, which may 
l)e collected and titrated separately. 

Total Saponijlable and Unsaponifiable Matter: — Saponify 
separate portion under pressure with known excess of N/2 
alkali, then “back- titrate.’’ Deduct per cent free fatly 

* S(iuibb’s Materia Medica, rgo6; Coblcntz, The Newer Remedies. 

t J.S.C.I., iHg2, {). 135; 1896, p. 14; also Comm. Org. AnaL, 1899, Vol. 
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acids to obtain neutral wax, glycerides, etc., or precipitate 
insoluble calcium soaps, dry, and exhaust with acetone for 
cholesterol, hydrocarbons, etc.* 

Paraffin or Mineral Wax (not a true wax) belongs to the 
^^hydrocarbons, approximately C 27 H 6 r„ and is non-sapon- 
ifiable. Obtained from petroleum, bituminous shale, wood 
tar, etc. Occurs native in certain localities (Galicia and 
Utah) in the form of fossil wax, ozocerite, etc., from which 
it is extracted under the name of ^^ceresin.” Crude ozo- 
cerite varies from the translucent yellow, brown, greenish 
grades to the black opaque, soft or hard, forms. Pure 
ceresin, or refined ozocerite, pale yellowish to white, re- 
sembles bleached beeswax, melts between 6i° C. and 78° C., 
and has general properties of paraffin wax. 

There are several grades of paraffin with melting-points 
varying from 32"^ C. to 80° C. The finer and harder its 
structure, the higher its melting-point and greater its spe- 
cific gravity — the latter varying from 0.823 (M. P. 32° C.) 
to 0.940 (M. P. 80^^ C.). 

Heated with sulphur, paraffin is decomi)osed forming 
hydrogen sulphide with separation of carbon. Heated 
with a mixture of permanganate of potasli and su]])huric 
acid, paraffin is violently attacked. SoIuIdIc in hot alcohol, 
ether, chloroform, gasoline, carbon tetrachloride, and oils, 
but nearly insoluble in acetone, even when warm. 

Vaseline or Petrolatum (petroleum jelly). A mixture of 
hydrocarbons, chiefly CioHh to C20IU2, from crude i)etro- 
leum residuum, purified by filtration through animal char- 
coal. It has a soft, greasy, jelly-like consistency and 
varies in color from dark brown with greenish reflex to the 
fluorescent yellow or opalescent white of the purer grades. 
Its specific gravity varies from 0.803 o-^54> melted at 

* Consult Herbig, “Analyst/’ 1896, p. 47; also Wright, Oils, Fats, 

WTnvac! ni-r- rQ.nA r\r» nho on/"! o >7 X 



WAXES 


127 


99° C., in marked contrast to paraffin at the same tempera- 
ture, from 0.748 to 0.757.* Soluble in benzol, chloroform, 
petrolic ether, gasoline, carbon tetrachloride, and various 
oils at ordinary temperatures. Nearly insoluble in cold 
absolute alcohol. Freely soluble in boiling absolute 
alcohol, from which it separates on cooling. Miscible with 
glycerine, from which it separates and floats when heated. 

Solubility of Waxy Substances 

Solubility alone cannot be depended upon for the sepa- 
ration of waxes in admixture. To effect proper solution 
it is necessary that the solvent be warm or hot, but even 
then the waxes deposit on cooling. On experiment the 
writer obtained the following results: 

In Boiling Absolute Alcohol 


Japan wax completely soluble; deposits on cooling. 

Stearin completely soluble; deposits on cooling. 

Stearic acid completely soluble; deposits’on cooling. 

Spermaceti quite soluble; deposits on cooling. 

Paraffin quite soluble; deposits on cooling. 

Beeswax partly soluble; deposits on cooling. 


Carnauba wax . . almost insoluble, even in excess of alcohol. 
In Acetic Anhydride 

The waxes are quite insoluble in the cold solvent, but 
heated with solvent: 


Paraffin melts, iloats, dissolves slowly, congeals on cooling. 

Beeswax melts, iloats, dissolves, solidifies white on cooling. 

Spermaceti. , . melts, Iloats, dissolves slowly, congeals on cooling, 
Japan wax. . . .melts, iloats, dissolves easily, congeals on cooling. 


Carnauba wax melts, iloats, incompletely soluble (cloudy solu- 
tion), and solidifies white on cooling. 

* Spp Pnmm Onr AnfO TT ^ 
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Both beeswax and carnauba wax apparently become 
^^acetylated,” due possibly to presence of free myricyl 
alcohol or other wax alcohols. 

According to Lewkowitscli, the higher fatty acids of 
the acetic family, as stearic, palmitic, lauric, cex'otic, etc., 
form with acetic anhydride corresponding anhydrides 
which give fictitious or apparent “acetyl numbers on 
neutralizing with standard alkali, even when no hydroxyl 
groups are present.* 


In Acetone 

Paraffin insoluble cold; slightly soluble hot. 

Beeswax insoluble cold; slowly soluble hot. 

Spermaceti insoluble cold; soluble hot. 

Japan wax insoluble cold; soluble hot. 


Carnauba wax. . .insoluble cold; very slowly soluble hot. 
In Chloroform 


Paraffin very slowly soluble cold; soluble hot. 

Beeswax insoluble cold; soluble hot. 

Spermaceti very slowly soluble cold; soluble hot. 

Japan wax slowly soluble cold; soluble hot. 

Carnauba wax. . .insoluble cold; soluble hot. 

In Ether 

Paraffin insoluble cold; solulxle hot. 

Beeswax disintegrates cold; soluble hot. 

Spermaceti slightly soluble cold; soluble hot. 

Japan wax insoluble cold; solulfic hot. 

Carnauba wax. . .insoluble cold; soluble hot. 

In Petrolic Ether 

Paraffin slowly soluble cold; soluble hot. 

Beeswax insoluble cold; insoluble hot. 


* Alder Wright, Oils, Fats, Waxes, etc., i8()^, pjx i8y, 190; also Lew- 
kowitsch’s Oils, Fats, and Waxes, inoo. 
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Spermaceti. .... .slightly soluble cold; soluble hot. 

Japan wax insoluble cold; slowly soluble hot (cloudy), 

Carnauba wax. . .insoluble cold; insoluble hot. 

In Turpentine 

Paraffin hardly soluble cold; easily soluble hot. 

Beeswax hardly soluble cold; easily soluble hot. 

Spermaceti very slightly soluble cold; easily soluble hot. 

Japan wax insoluble cold; easily soluble hot. 

Carnauba wax. . .insoluble cold; easily soluble hot. 


In Benzol 

Paraffin insoluble cold; soluble hot. 

Beeswax insoluble cold; soluble hot. 

Spermaceti slightly soluble cold; soluble hot. 

Japan wax slowly soluble cold; soluble hot. 

Carnauba wax, . .insoluble cold; soluble hot. 

In Carbon Tetrachloride 

Paraffin insoluble cold; easily soluble warm. 

Beeswax disintegrates cold; easily soluble warm. 

Spermaceti hardly soluble cold; easily soluble warm. 

Japan wax hardly soluble cold; easily soluble warm. 

Carnauba wax. . .hardly soluble cold; slowly soluble warm. 

In Fusel Oil 

Paraffin insoluble cold; soluble hot. 

Beeswax insoluble cold; soluble hot. 

Spermaceti insoluble cold ; .soluble hot. 

Japan wax insoluble cold; soluble hot. 

Carnauba wax. . .insoluble cold; soluble hot. 


The term “cold” refers to a temperature of 8° C., the 
tests having ])een made in winter. 

The term “hot” refers to the boiling-point of the re- 
sn(ictive solvent. 
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Note that paraffin, beeswax, spermaceti, Japan wax, and 
carnauba wax are all easily soluble in hot turpentine, 
while in hot petrolic ether, only paraffin and spermaceti 
are readily soluble, Japan wax imperfectly, and the others 
are insoluble. 


Specific Gravity of Waxes in General 

Japan and myrtle waxes (sp. gr. about 0.980 to 0.990 at 
15° C.) are heavier than beeswax (sp. gr. about 0.960 at 
15° C.), while tallow and stcarine are lighter (sp. gr. 0.920 
to 0.960 at if C.), likewise, spermaceti (sp. gr. about 
0.942 at 15° C.). 

Carnauba wax (sp. gr. 0.995 ^ 5 ° C.) has nearly the 

gravity of water. Chinese wax and stearic .acid have a 
specific gravity of about 0.970 at 15° C., while paraffin and 
ceresin approximate a sp. gr. of 0.915 at 15® C. 

COMPARATIVE SPECIFIC GRAVITIES OP WAX-LIKE 
MATERIALS 


Substance, 

at 99° C. 

at is'* C. 

Remarks. 

Carnauba wax 

0.842 

0-995 

Nearly as heavy as water 
at 15° C. 

Japan wax 

0.875 

0 . q80-0 . QQO 


Myrtle wax 

0-875 

0.980-0.900 


Tallow 

0.860 

0.020-0.960 


Stearine 

0 . 860 

0.920-0.960 


Stearic acid 

0.830 

0.970 

Heavy as water at 

11*=’ C. 

Beeswax 

0.820 

0 . 960 


Chinese wax 

0.810 

0.970 


Spermaceti 

0.808 

0 . 94 ^ 


Paraffin 

0-753 

0.915 

Varies with the M.P. 

Ceresin 

0-753 

0.915-0.926 



For gravity determinations at 15° C., Allen suggests 
first melting the wax, sucking up into quill, closing top 
with finger, chilling lower end in water to seal it, then with 
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the tube in a vertical position allowing the wax to cool 
by itself, thereby yielding a smooth stick free from cavities 
or air-bubbles which might produce abnormal gravities. 
Or, melt wax in a shallow dish over a water-bath, cool spon- 
taneously, and cut out sample with cork-borer. Then, 
obtain specific gravity by immersing sample in dilute 
alcohol or ammonia and adjusting liquid till gravity equals 
that of wax immersed. With crystalline waxes, as sper- 
maceti and Chinese wax, better results are obtained at 
the temperature of boiling water, using a Westphal balance.* 

Melting-points of Waxy Substances 


Paraffin 

32 to 80° C., variable. 

Myrtle wax 

about 41*^ C. 

Spermaceti 

about 45° C. 

Japan wax 

about 56° C. 

Beeswax 

about 62° C. 

Ceresin 

61 to 70° C., variable. 

Chinese wax 

about 81° C. 

Carnauba wax 

about 85° C. 

Derivatives as: 

Cerotic acid 

77-8° C. 

Stearic acid 

70 to 71° C. 

Palmitic acid 

62.2^ C. 

Myristic acid 

53-8° C. 

Laurie acid 

43-5° C. 

Cetyl alcohol 

49-5° C. 

Ceryl alcohol 

79° C. 

Myricyl alcohol 

85 to 86° C. 

Special substances as: 

Wool fat (pure anhydrous) . . . . 


“Lanolin” (hydrated wool fat) 

about 40^ C. 
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Cholesterol (cholestcryl alcohol) i47°C. 

Iso-cholesterol (isomeric) 137 to 138° C. 

Phytosterol (“plant cholesterol”) .... 134° C. 


The melting-point is useful for indicating adulteration 
in a particular wax, but not necessarily the extent or 
character, since a mixture of paraffin, beeswax, and stearic 
acid may have a melting-point lower than the mean of its 
constituents. According to Lewkowitsch,''" the addition of 
5 per cent carnauba wax to paraffin, ceresin, or stearic acid 
raises their respective melting-points materially (approxi- 
mately from 10 to 15 per cent), but any further additions 
cause comparatively little increase in their melting-points. 

VARIOUS TESTS ON WAXES 

Starch or Flour. Left undissolved on treatment with 
hot turpentine or hot carbon tetrachloride. Wash residue 
with ether, and test under microscope with a solution of 
iodine in potassium iodide. 

Mineral Matter. Examine residue. 

Sulphur. Note odor on ignition. Boil 5 grams sample 
with dilute caustic soda, and test diluted portion by adding 
I or 2 c.c. strongly alkaline lead acetate (potassium plum- 
bite), giving a brick-red precipitate, changing to black on 
boiling; or, test the cold diluted solution with sodium 
nitroprusside, giving a violent tint. 

Rosin. Ignite and note odor, smoke, etc. Boil 5 grams 
sample with 20 c.c. nitric acid (sp. gr., 1.33) for one 
minute. Cool, dilute with equal volume of water, add 
excess ammonia, and shake. Pure beeswax gives a golden, 
yellow solution. Rosin, if present, gives a reddish-brown 
solution from nitro-compound. 

* Oils. nnf] Wnvpc; Tpnn TT 
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Mixed Waxes. Boiled with strong sodium carbonate 
solution; a cloudy liquid is first produced, which, on diges- 
tion in a water-bath, clarifies or becomes translucent as the 
waxes float to the top. With rosin present, a light brown 
resinated emulsion is produced, which clarifies on pro- 
longed digestion, causing parafl&n (if present) to separate 
on top of I’csinous mass, while stearic acid (if present) 
forms a soapy opaque liquid with some CO2 froth. A 
high melting-point would indicate carnauba wax, beeswax, 
and rosin. The formation of wax alcohols is indicated 
under ^^saponification of waxes, while Japan wax, tallow, 
etc., yield glycerol.* 

Spermaceti in Paraffin. Boil 5 grams sample cautiously 
with 20 c.c. concentrated ammonium hydrate in a large test- 
tube over a water-bath to avoid excessive frothing. 

Pure paraffin melts, and floats, the liquid underneath 
remaining nearly clear on cooling. Spermaceti, if present, 
produces a cloudy-white liquid which, on cooling, solidifies 
to an opaque white mass. Stearic acid, if present, forms 
a cloudy emulsion which on cooling solidifies opaque white 
with frothy top. (Stearic acid, alone, dissolves to a clear 
viscid fluid, hot.) 

Stearic Acid in Paraffin. In a hot alcoholic solution 
stearic acid reddens litmus, and, on adding dry sodium car- 
bonate, liberates CO2 with formation of soaj). Paraffin 
alone is perfectly neutral. 

FucJtsin Test: — Heat with water solution of ‘^fuchsin f. 
Bac.^^ (Griiblcr) or ^Huchsin NX” (Heller & Merz Co.), 
viz., rosanilin hydrochloride. Pure paralTin remains un- 
colorcd but 5 per cent stearic acid imparts a pink color, 
which is enhanced l^y the addition of a little sodium car- 
bonate, forming a pink emulsion. Spermaceti and Japan 
wax also take up the color. 



134 


OILS AND SOLVENTS 


N.B, — Fuchsin S. (acid magenta, or sodium salt of 
rosanilin) does not unite with stearic acid.* 

Separation of Hydrocarbons 

Paraffin, ceresin, and other hydrocarbons may be sepa- 
rated from the true waxes by means of the soda-lime method, 
which consists in: 

(1) Melting about 5 grams of the sample in a suitable dish 
and stirring in an equal volume of powdered caustic potash. 

(2) When cool, mixing one part of the pulverized mass 
with three times its weight of soda-lime, and heating in a 
test-tube or small flask at 250° C. for two hours.f 

The fatty alcohol in the saponified mass is decomposed, 
forming hydrogen and fatty acid compound, while any 
hydrocarbon present remains unaffected and may be ex- 
tracted with ether. 

By measuring the amount of hydrogen evolved, the wax 
alcohol may be estimated; but this method does not 
separate or identify the true waxes in admixture, for eery], 
cetyl, and myricyl alcohols each produce hydrogen on fusion 
with soda-lime. 

Beeswax itself produces a hydrocarbon (about 13.5 per 
cent) by this method, which must be deducted in calcula- 
tions. Other waxes, by dry distillation, also give hydro- 
carbons.J 

Saponification of Waxes 

Identification of waxes by saponification and su):)scqiient 
precipitation of fatty acids with barium chloride or lead 
acetate in alcoholic solution is rather tedious but necessary 

* See Benedikt and Kneclit, Chemistry of Coal Tar Colors, 2d Kd., 
p. 161. 

t Ulzcr and Fraenkel, Chem. Tech. Anal., 1898, i)p. 1 23-1 24; Comm. 
Org. Anal., Allen, 1899, Vol. II, pt. i, p. 224. 

t Comm. Orff. Anal.. i8nn. Vnl. TT nf t n T Q r-* t .. o,.. 



WAXES 


135 


in certain cases. Mere treatment with alcoholic caustic 
potash does not always insure complete saponification, 
especially in presence of non-saponifiable matter, but 
beeswax is more readily saponified and decomposed than 
carnauba wax, which is almost insoluble in hot alcohol. 

In the case of carnauba wax, according to the author’s 
experience, the use of hot carbon tetrachloride as a solvent 
during saponification was found to be quite satisfactory, 
especially as it is non-inflammable and may be readily 
boiled out over burner after the saponification is completed. 
It is preferable to saponify with concentrated alkali, 
therefore solid caustic potash (insoluble in carbon tetra- 
chloride) is added with a minimum quantity of water 
sufficient to start reaction and maintain concentration. 

The resulting saponified mass may be digested with 
boiling alcohol and treated with a hot saturated solution of 
barium chloride to precipitate insoluble barium soap and 
separate higher alcoholic bodies (as ceryl and myricyl 
alcohols). 

The insoluble barium soap, after filtering and washing 
with hot alcohol to remove any higher alcohols, is heated 
with dilute mineral acid to liberate fatty acids which form 
a ‘‘cake” on cooling and may be purified by crystallizing 
from alcohol. 

Instead of barium-chloride precipitation, some prefer to 
use an alcoholic solution of lead acetate — first neutralizing 
excess of alkali in the hot alcoholic soap solution by using 
phenol-phthalcin indicator and adding acetic acid until 
pink disappears, then precipitating the fatty acids as insol- 
uble lead soaps. For fractional precipitation the fatty acids 
arc liberated, dissolved in hot alcohol, and treated with small 
portions of alcoholic magnesium acetate, when the fatty 
acid of the highest molecular weight should separate first. 

* Comm. Orpr. Ann!.. rSnn Vnl 7T 
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Total Acid Number {Bencdikt and Mangold ) : — Owing to 
the difhculty of saponifying waxes with alcoholic potash in 
presence of paraffin and non-saponifiable matter, the 

total acid number” may be determined instead of the 
Koettstorfer figure. 

That is, 20 grams of the wax sample are first melted, 
then poured into a boiling aqueous solution of caustic 
potash, and heated over a low flame for ten minutes. 

The mass is diluted with water, then acidified with 
hydrochloric acid and boiled to liberate the decomposed 
wax” — a mixture of fatty acids and insoluble higher 
alcohols, etc. 

After cooling, the ^^cake” is boiled with two or three 
changes of water to remove traces of mineral acid (HCl), 
then transferred to a ribbed filter, placed in a hot air-bath, 
and melted through a filter into a clock-glass or suitable 
dish, after which it is chilled and broken up. 

About 6 or 8 grams of the decomposed wax” thus ob- 
tained are covered with C. P. alcohol, heated on a water- 
bath, a few drops of phenol-phthalein indicator added, and 
titrated with N/2 caustic potash to estimate the total acid 
number,” that is, the number of milligrams KHO required 
to neutralize one gram of the “decomposed wax” mixture,* 

For beeswax the “total acid number” averages about 
92.8, and is somewhat lower than the Koettstorfer saponi- 
fication figure. For carnauba wax the number would be 
approximately 85. 

As to the filtration of the “decomposed wax” in a liot 
air-bath, beeswax fatty acids require from loo"^ to 108° C., 
and remain light colored; carnauba fatty acids require at 
least 140° C., and tend to become dark brown. 

This “decomposed wax” may also be employed to ol)tain 

* See Ulzcr and Fracnkel, Chem. Tech. Anal, i8y8, p. 122; also, An- 
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fatty acids by precipitation with barium chloride in hot 
alcoholic solution. 

If the decomposed wax” derived from carnauba wax 
be employed to obtain myricyl alcohol through precipita- 
tion of fatty acids and recovery of the wax alcohol in the 
hot alcoholic filtrate, the myricyl alcohol thus obtained 
represents both free and combined substance, since free 
myricyl alcohol has been detected in carnauba wax. The 
free myricyl alcohol and that derived from myricyl cerotate 
together amount to 45 per cent of the original wax. There- 
fore, the weight of the myricyl alcohol obtained divided by 
0.45 represents the weight of carnauba wax as such, assum- 
ing no beeswax present.* If carnauba wax were theo- 
retically 100 per cent pure myricyl cerotate, C3oH6i.C27H5302, 
with a molecular weight of 830 as against 438 for myricyl 
alcohol, CsoHei.OH, the yield of the latter would be 52.7 per 
cent instead of the average 45 per cent above stated. 

If the beeswax were all myricin (myricyl palmitate), 
CsoHei-CifJiaiO'i, with a molecular weight of 676, its equiv- 
alent in myricyl alcohol would be 64.7 per cent; but, the 
presence of free cerotic acid to the extent of 12 to 16 per 
cent, or of free myricyl alcohol in small amount, precludes 
any assumed calculations, since the amount of myricyl alco- 
hol obtained from beeswax averages 53 per cent to 54 jx.*r 
cent, equivalent to 81.8 per cent to 83.4 per cent myricin. t 

With beeswax the sum of the free cerotic acid and 
myricin, calculated respectively from the ^Tree acid num- 
ber” and the “ester number,” is usually greater than 100, 
indicating the presence of some suljstancc of lower molecu- 
lar weight. Hence, in certain cases, it may be preferable to 
detennine the myricyl alcohol as such and calculate myricin 
accordingly. 

* Comm, Anal., iSgy, Vol. H, i)L. i, p. 228. 
tWridU.Oil^ Wnvr.^ 
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OILS AND SOLVENTS 


138 


COMPARISONS ON WAX-LIKE SUBSTANCES AND 
ROSIN 


Substance. 


Melting 
point . 

Sapon. 

number 

Iodine 
, figure. 

Solubility. 

Paraffin (hydro- 
carbon) 

Variable 

0.91S 

Variable 
32®-38* C 

Nil 

Nil 

Easily soluble in hot petrolic 
ether, alcohol, chloroform, 
etc. Nearly insoluble in 

acetone. 

Beeswax 

0,960 

62" C. 

87-107 

2-1 1 

Insoluble in hot petrolic ether. 
Partly soluble in hot ab.so- 
lute alcohol. Slowly solu- 
ble in hot acetone. Soluble 
in hot chloroform, ether and 
benzol. 

Spermaceti 

0.942 

45 “ C. 

! 

122-136 

o-s 

Soluble in hot alcohol and 
other hot solvents. Slightly 
soluble in cold other. 

Japan wax (vege- 
table tallow) 

0.980 

S6^ C. 

210-238 

4-7 

Imperfectly soluble in hot pe- 
trolic ether. SoluVjle in hot 
alcohol. Slowly soluble in 
cold benzol; easily in hot. 
Soluble in hot chloroform, 
carbon tctra-chloride, etc. 

Carnauba wax 

0.995 

Almost 
as heavy 
as water. 

8s“C. 

78-85 

7-13 

Insolubhi in hot petrolic ether. 
Ins(jluble in hot alcohol. 
Soluble in hot carbon t(;tra- 
chloride, benzol, and other. 

Stearic acid 

0.970 

7o“-7i“ 

19 s 

Nil 

Soluble in hot alcohol, ether, 
and benzol. Liberates C'Oj 
from NaaC'Oji. 

Colophony 

(rosin) 

1.04-1.11 

100”- 
150“ C, 

I 75 -I 9 S 

140-160 

Soluble in alcohol, petrolic 
ether, benzol, chloroform, 
acetone. 
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WAX ACIDS AND HIGHER ALCOHOLS 

Cerotic Acid^ C27H64O2, M. P. 70° to 72‘^C.: — Exists 
free in beeswax (from 12 to 16 per cent), and also occurs 
as myricyl cerotate in carnauba wax from which it is 
obtained through saponification, separation of fatty acids, 
etc. Soluble in hot alcohol from which it deposits on 
cooling; also soluble in warm ether. Its lead compound 
is insoluble in both alcohol and ether. 

Palmitic Acid, Ci 6 H 3202 , M. P. 62.2° C.: — Occurs as 
tri-palmitin in palm oil and Japan wax, cetyl palmitate in 
spermaceti, and as myricyl palmitate in beeswax, from 
which it is derived by saponification and precipitation of 
fatty acid. Soluble in hot alcohol from which it crystal- 
lizes in pearly leaflets. The barium compound is nearly 
insoluble in hot alcohol. 

Stearic Acid, C18H36O2, M. P. 70'^C.: — Occurs as tri- 
stearin in lard, tallow, cacao butter, and to some extent in 
Japan wax, from which it is derived through saponification, 
precipitation, etc. Soluble in hot alcohol, from which it 
crystallizes in shiny leaflets. Its alcoholic solution reddens 
litmus and reacts with sodium carbonate, forming sodium 
stearate and CO2. Also soluble in warm ether and benzol. 
Slowly soluble in boiling concentrated ammonia to a clear 
viscid solution, solidifying white on cooling. The barium 
and lead compounds arc insoluble in alcohol and ether. 
Pure stearic acid is an opaque-white solid, having a wax- 
like consistency and slight tallow-like taste, and is practi- 
cally odorless. Much used in the candle industry, and to 
a limited extent in toilet preparations. 

Laurie Acid, C12H24O2, M. P. 43.5^0.: — Occurs as 
laurin, principally in cocoanut oil and to some extent in 
Japan wax and palm-nut oil from which it may be derived 
through saponification and distillation of fatty acid. 
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Easily volatile with steam; solidities in scales. Soluble 
in alcohol from which it crystallizes in whiter needles. The 
lead compound is sparingly soluble in alcohol and insoluble 
in ether. 

Myristic Acid^ C14H28O2; M. P, 53.8° C.: — Occurs as 
myristin in cocoanut and palm-nut oilS; and to a less extent 
in spermaceti — derived througli saponiJlcation and libera- 
tion of fatty acids. Slightly volatile with steam. Soluble 
in alcohol from which it crystallizes in shiny plates. In- 
soluble in ether (unusual). Lead compound is sohihle in 
alcohol, insoluble in ether. 

Myricyl Alcohol, CsoHiviOH, M. P. 85® to 86° C.: — Solid 
at ordinary temperatures. Occurs in beeswax as myricyl 
palmitate or myricin, from which it is set free on saponiJjca- 
tion. Soluble in hot alcohol, ether, etc.; almost insoluble 
in the cold; also insoluble in water. It may be o))tained 
by saponifying beeswax in the melted state with l)oiling 
aqueous caustic potash, decomposing the soa]) with liydro- 
chloric acid, dissolving the ''decomposed wax” thus ob- 
tained in hot alcohol, and precipitating the fatty acids with 
a hot solution of barium chloride, leaving myricyl alcoliol 
in the hot alcoholic filtrate from whicli it separates on 
cooling in white shiny masses. Purify liy recryslallizing 
from ether. Heated with soda-lime it forms hydrogiui and 
alkaline melissate. 

Cetyl Alcohol, CicJlaaOH, M, P. 4 q. 5'’(\: Solid at 
ordinary temperatures. Occurs in spermaceti as cc.iyl 
palmitate and is separated by saponilication and ])rerii)i>- 
tation of fatty acids in hot alcoholic solution with barium 
chloride. Soluble in warm alcohol, but more so in (‘tlicr 
or benzol. It is insoluble in water. Py evaporating tlie 
alcoholic solution it may be obtained as a "(‘ake,” which, 
after purifying by ether and cvaj^iorating solvent, may l)e 
Hkh*iiprl nhnest iiiichaiiLmd at .S4o° C., yielding a white 
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crystalline mass. Heated with soda’-Iime it forms hydro- 
gen and alkaline palmitate. 

Ceryl Alcohol^ C27H55OH, M. P. 79"^ C.: — Solid at ordi- 
nary temperatures. Occurs in Chinese wax as ceryl cero- 
tate, from which it may be separated by saponification or 
fusion with concentrated aqueous caustic potash, precipi- 
tation of fatty acids in hot alcoholic solution, etc., whereby 
the ceryl alcohol is dissolved and obtained by evaporation, 
and afterwards crystallized from ether. Heated with soda- 
lime it forms hydrogen and alkaline cerotate. 

Cholesterol or Cholesteryl Alcohol^ C26li430H, M. P. 147® C: 
— A non-saponifiable, waxy, odorless substance, frequently 
found in ether extract from soap solutions. Occurs in 
bile, yolk of egg, wool-fat, degras, whale oil, etc. Insoluble 
in water. Soluble in chloroform, ether, benzol, and soap 
solutions. Sparingly soluble in cold, but soluble in hot, 
* alcohol, crystallizing from latter in pearly laminae con- 
taining I molecule H2O, which it loses at 100° C. It 
crystallizes from chloroform in anhydrous needles. 

Tests on Cholesterol : — To a solution of o.oi gram 
cholesterol in 2 c.c. chloroform add 2 c.c. sulphuric acid 
(sp. gr. 1.76). 

A blood-red purple color is imparted to the chloroform 
layer while the sulphuric acid solution exhibits a greenish 
fluorescence. The chloroform layer, on evaporation or ex- 
posure, changes to blue, green, and finally yellow.* 

A little cholesterol, treated with a mixture of 3 volumes 
concentrated hydrochloric acid and i volume ferric chlo- 
ride solution and evaporated, gives a reddish violet color 
changing to blue. 

If sulphuric acid is substituted for hydrochloric, a car- 
mine to violet color is obtained. 

* See Richter’s Organischc Chemic, iSgi, p. 1097; also Allen’s Comm. 
Org. Anal., 1899, Vol. II, pt. i, pp. 172. ^40: and Fovvnes’ Elemr^nfnrAr 
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Iso-cholesterol occurs, as an isomer, with cholesterol in 
wool fat. Separated from each other by forming corre- 
sponding benzoates and crystallizing from ether — the 
“iso’’ compound as a light crystalline powder (M. P, 
190° C.); the other in pearly lamimc (M. P. 150° C.). 
These benzoates, saponiiicd with alcoholic potash, yield 
respectively iso-cholesterol (M. P. 138° C.) and cholesterol 
(M. P. 147" C.). 

Phytosterolj or Phytosteryl Alcohol, C20H43OH, M. P. 132^ 
to 138° C.: — This bears the same relation to plants that 
cholesterol does to animals, and is found in most vege- 
table or seed oils, with possible exception of olive and 
palm. Crystallizes in tufts or needles. Reactions similar 
to cholesterol. 

Sitosterol, an isomer found in cereals, is a constituent 
of corn or maize oil, in distinction from cottonseed oil, 
which contains phytosterol.* 

To obtain cholesterol and phytostcrol, saponify 50 grams 
fat or oil with alcoholic soda, evaporate to syrup, dilute 
with boiling water, add HCl till slightly alkaline to phcnol- 
phthalein, then CaCl2 to precipitate lime soa]) which is 111- 
tered, squeezed to a friable mass, and boiled with 95 per cent 
alcohol. Filter, add little NaOH, and evai>orate dry. 
Extract residue with ether, filter, evaporate, and take up 
with hot alcohol, from which cholesterol and phytostcrol 
separate on cooling. f 

Abstract of HehnePs Method for Beeswax {Cerotic Acid and 

Myricin) 

(1) Dissolve 5 grams wax in 50 c.c. hot methylated spirit (redistilled 

from NaOH). Use small flask. 

(2) Add alcoholic phcnol-phthalcin indicator. 

(3) Use delicate burette, and immediately titrate free, acid (as c'erotic) 

* Gill and Tufts, Jour. Am. Chem. Soc., 1903, pp. 251-254. 
t Kreis and Wolf. Analyst. i8o8. d. 20.1. 
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with standard N/3 alcoholic KHO — (spirit redistilled from 
NaOH) — and keep liquid agitated till pink color is permanent. 

(4) I c.c. N/alkali (0.056 gm. KHO) = 0.410 gm. ccrotic add. 

N/3 ICHO = J acid value. Calculate per cent KHO required. 

0.410 -7- 0.0561 = 7.31 factor. Per cent KPIO X 7.31 = per cent 

cerotic acid. 

(5) For myricin continue process. Add further exact quantity 

standard alcoholic KHO (75 c.c. N/3), equivalent to 25 c.c. 

N/acid. 

(6) Saponify by boiling one hour, using reflux condenser, and rotate 

flask occasionally to break up lumps. 

(7) Detach condenser, and back-titrate with N/2 acid, using delicate 

burette. 

(8) The alkali used up represents myricin. i c.c. N/acid = 0.056 gm. 

KHO = 0.676 gm. myricin. 0.676 0.0561 ~ 12.05 factor. 

Average per cent KHO about 7.2 and the per cent KHO X 12.05 

= per cent myricin usually less than 90 per cent. 

Presence of Japan Wax. — The total per cent KHO re- 
quired would be above 9.5 per cent. It would be neces- 
sary to determine the amount of glycerol, and multiply 
this by 10 for the approximate weight of Japan wax. Ex- 
tract myricyl alcohol from the saponified mass, and calcu- 
late the beeswax. Genuine beeswax gives about 54 per 
cent crude myricyl alcohol equivalent to 83.4 per cent 
myricin.'*" 

* Wright, Oils, Fats, Waxes, etc., 1894, p. 358, 



144 


OILS AND SOLVENTS 


ALKALOIDAL SUBSTANCES 

Ptomaines or Cadaveric Alkaloids (products of putre- 
faction). Examples are cadavcrinc, putrescine, choline, 
tyrotoxicon, trimethylamin, etc. 

They comprise non-volatile solids as well as volatile 
liquids with a nauseating odor. Some are poisonous, pro- 
ducing convulsions, nausea, diarrhoea, etc.; others are non- 
poisonous. They may be tasteless or bitter, according to 
composition. 

Their bases or salts arc quite soluble in water; but 
melting-points are variable or uncertain. 

With mixed solutions of ferric chloride and potassium 


ferricyanide:* 

Cadaverine or its salts Blue color. 

Choline and piitrescine Nothing. 


All ptomaines are precipitated by the phospho-molyljclic 
acid reagent, and, in general, respond to most of the tests 
for vegetable alkaloids, hence the uncertainty in toxico- 
logical work. 

Vegetable Alkaloids (nitrogenous plant siil)stanccs). 
Examples are aconite, atropine, mor])hine, strychnine, 
cocaine, codeine, quinine, caffeine, etc., of wliich aconite 
is, perhaps, the most poisonous and caffeine lire least. 
They are usually regarded as derivatives of jryridin or 
quinolin, and, in the case of caffeine, uric acid. 

In toxicological work, their separation and identilication 
is somewhat intricate, since they must not be confounded 
with various glucosides and bitter principles of a jxnsonous 
nature, or with ptomaines. 

Only a few general schemes are offered. 


SOME VEGETABLE ALKALOIDS (Derivatives of Pyridin) 
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ibacco plant I Nicotine C10H14N2 Narcotic, poisonous, antidote to strychnine. 

Ht-podermically, in bladder paralysis. 



ALKALOIDAL SUBSTANCES 


H7 


Dosage for Alkaloids 

Quinine sulphate r“5“i5 grains. 

Quinidine sulphate 2-5-10 grains. 

Cinchonidine sulphate 1-15-30 grains. 

Cinchonine sulphate 1-15-30 grains. 


Morphine sulphate grains (maximum per day). 

Codeine sulphate grains (maximum per day). 

Apomorphine hydrochloride .. grain (maximum per day). 
Narcotine hydrochloride 1 1-3-15 grains (maximum per day). 


Atropine sulphate io—is grain (maximum per day) . Very poisonous. 
Homatropine hydrobromide. grain. Less toxic than atropine. 

Hyoscyamine (amorphous) . grain. 

Hyoscine hydrobromide i r"^V grain. 


Strychnine sulphate grain (maximum per day). 

Brucine sulphate grain (maximum per day). 


Aconite sulphate. • grain (maximum per day) . Very poisonous. 


Cocaine hydrochloride 2-1 2-6 grains (maximum per day). 

Hydrastine hydrochloride. . .2-1-1 2 grains (maximum per day). 


GENERAL SOLUBILITY OF ALKALOIDAL 
SUBSTANCES 

Free Bases. With few exceptions they are almost 
insoluble in pure water. 

Alkaloidal Salts. Quite soluble in acidulated water, as 
sulphates, acetates, and chlorides. 

In Alcohol both bases and salts arc quite freely soluble. 

In Ether, Chloroform, Petrolic Ether, and Benzol the 
salts are generally insoluble. The bases exhibit different 
solubilities, and are more readily extracted with warm sol- 
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in ether or petrolic ether. Strychnine is quite soluble 
in chloroform and somewhat in benzol. Not so morphine, 
which is best dissolved in warm amyl alcohol especially 
from ammoniacal solutions. 

Use of Immiscible Solvents 

(r) Acidify aqueous solution with sulphuric acid and 
treat with petrolic ether to remove hydrocarbons, fats, oils, 
resins, etc. 

(2) Separate acid aqueous portion and treat with chloro- 
form to remove glucosides, weak alkaloids, etc. 

(3) Again separate aqueous portion, add mixture of 
ether-chloroform (1:1) — which sinks — and then make 
alkaline with ammonia to liberate alkaloidal bases which 
are taken up by immiscible solvent. 

(4) Remove solvent, and wash same with acidulated 
water to form alkaloidal salts, which are thereby trans- 
ferred to the aqueous portion. Separate as before. 

(5) This acid aqueous solution is rendered alkaline with 
ammonia, and treated successively with petrolic ether, 
benzol, and finally amyl alcohol to obtain group sei)ara- 
tions. 

From acid soliiUons, the following feebly basic alkaloids 
— caffeine, colchicine, narcotine, and theobromine are 
extracted by chloroform, their salts b(‘ing more or l(‘ss de- 
composed by water. Nearly all other alkaloids resist ex- 
traction from acid solutions by immiscilfie solvents, (hereby 
affording separation from glucosides and various other 
bitter principles.* 

* Prescott, Outlines of Prox. Org. Anal., iSg^, pp. 136 and 137; Kippeii- 
berger, Analyst, 1895, p. 201. 
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A TABLE OF SOLUBILITIEvS OP CERTAIN ALKALOIDS 
IN WATER AND BY EXTRACTION FROM ALKALINE 
AQUEOUS SOLUTIONS — (Not acid) 


Substance 

(Base). 

Cold 

water. 

Boiling 

water. 

Ethyl 

ether. 

Chloro- 

form. 

Benzol. 

Petrolic 

ether. 

Aconitine 

SI. sol. 

Sol. 

Sol. 

Fr. sol. 

Sol. 

Insol. 



SI. sol. 

Sol. 

Sol. 

Fr. sol. 

Sol. 

Insol. 

;.lr . . 

SI. sol. 

Sol. 

Fr. sol. 

Fr. sol. 



■jv 

SI. sol. 

Sol. 

Sol. 

Soi. 

Sol. 

Insol. 

Hyoscine 

SI. sol. 

Sol. 

Sol. 

Sol. 

Sol. 

Insol. 

Strychnine 

Insol. 

N. insol. 

N. insol. 

Sol. 

Sol. 

N. insol. 

Brucine 

Insol. 

si. sol. 

N. insol. 

Sol. 

Soi. 

SI. sol. 

Morphine 

Insol. 

SI. sol. 

N. insol. 

N. in{ 3 ol. 

Insol. 

Insol. 

Codeine 

Sol. 

Sol. 

Sol. 

Sol. 

Sol. 

Insol. 


SI. sol. 

Sol. 

Sol. 

Soi. 

Sol. 


Narcotine 

Insol. 

Insol. 

Sol. 

Fr. sol. 

Sol. 

N. insol. 

Hydrastine 

Insol. 

Insol. 

SI. sol. 

Fr. sol. 

Sol. 

Insol. 

Berberine 

SI. sol. 

Fr. sol. 

Insol. 

SI. sol. 

SI. sol. 

Insol. 

Cocaine 

SI. sol. 

Sol. 

Sol. 

Sol. 

Sol. 

Sol. 



N. insol. 

N. insol. 

Sol. 

Sol. 

SI. sol. 

: SI. sol. 

^ i ■ 

Insol. 

1 N. insol. 

Sol. 

Soi. 


' N. insol. 

t :,:i. . .j:. .* 

Insol. 

N. insol. 

SI. sol. 

Fr. sol. 



Cinchonine 

Insol. 

Insol. 

SI. sol. 

Sol. 

SI. soi. 

' Insol. 

Caffeine 

Sol. 

Sol. 

si. soi. 

Soi. 

Sol. 

Insol, 

Theobromine 

N. insol. 

SI. sol. 

N. insol. 

Sp. sol. 

SI. sol. 

Insol. 

Physostij?mine 

N. insol. 

SI. sol. 

Sol. 

Sol, 

Sol. 

Insol. 

Gelsemine 

N. insol. 

si. soi. 

Sol. 

Sol. 



Emetine (ipecac) 

N. insol. 

SI. sol. 

Sol. 

Soi. 

Sol. 

SI. sol. 

Colchicine 

Sol. 

1 Sol. 

Sp. sol. 

Sol. 

Sol. 

Insol. 

Nicotine (tobacco) 

Sol, 

i Volat. 

Sol. 

SI. sol. 

Sol. 

Sol, 

Conine (hemlock) 

Sol. 

; Volat. 

Sol, 

Sol, 

Sol. 

, Sol. 


ALKALOIDAL REACTIONS WITH ACIDS 


On porcelain. 

With cone. 
II2SO,,, few 
drop,s. 

With cone. 
HNO3. few 
drops. 

Subs. mi.Ked 
with cane 
sugar. Plfice 
u prill drop of 
cone. II2SO,. 

Subs, with cone, 
IbjSO^; add frag- 
ment of KaCraOy. 

Aconite 

Yel. to br. 

Red brown 

Red 

('inxniish 

Atropine 

( 'olorless 

('olorless 

('olorless 

Bit. almond odor 

Berberine. .. . 

Or. to griHui 
(warmint-O 

Red brown 


Orange 

Brucine 

Blotxl retl 

Red 

('olorless 

(Hiffeine 

( 'olorli'ss 

('(ilorless 

( 'olorless 

Shiwly green 

Cocaine. . . . 

( 'olorle.ss 

( 'olorless 


Pale pink 

('odeine 

( 'nlr'liii'ine 

('olorless 

Yellow 

Yel. to H'd 

Violet blue 

Red 

( ireenish 

Ceisemin 

('olorless to red 
on warming 

Crei'nish 

(impure) 

Red 



Creenish 

Morphine 

Red to yellow 

Purph; on 
warming 

Purple to 
blue, black 

Nicotine 

( 'olorless 


( 'olorless 

Orec'nish 

Physostigmine, 

Yeilow 

YelU)W to red 
on wanning 


Purple to gnrnish 

Quinin** 

('olorless 

('olorless 

('olorless 


Strychnine 

( 'olorless 

('olorless 

( 'olorli'ss 

HliR', vioU't, orange 
^ (changing) 

Veratrine 

Reddish to 
eherr\’-red 
(heating) 

Yellow 

Green to blue 

Creenish 
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Alkaloidal Reagents 

Froehde’s Reagent: — Ten milligrams sodium molybdate 
in lo c.c. concentrated sulphuric acid gives various 
colorations with many alkaloids and some glucosidcs. 

Phospho-molybdale Reagent: — Yellow ammonium phos- 
pho-molybdate (previously well washed) is heated in sus- 
pension in water, adding sodium carbonate until clear. 
The solution is evaporated and the residue ignited until 
ammonia is driven out. If reduction or blackening occurs, 
moisten with nitric acid and reheat. The residue is dis- 
solved in warm water strongly acidified with nitric acid,* 
making i part residue in lo parts solution. 

This reagent precipitates most of the alkaloids from 
acidulated solutions yielding yellowish or browni.sh pre- 
cipitates which, on treatment with ammonia, produce bluish 
or colorless effects thereby affording a means of distinction. 


With Froelide’s reagent. 

Phcjspho-molybdjitc rcagiuit. 

PrmpiLatc. 

PltJ.s fiTninoniji. 

Aconite, yellowish brown color 

Yellow ppt. 

Bliu^ solution 

Atropine, colorless 

Yellow ppt. 

Blu(‘ to t'olorh'ss 

Berberine, greenish to brown. . . 

Yellow j>pt. 

solution 

Blue solution 

Brucine, red to yellow 

( )range jfpt. 

( jref'u-yt'llow sol. 

Caffeine, colorless 

Yellow ppt. 

Colorless solution 

Codeine, green, blue, yellow. . . . 

Brown-yellow 

Creen solution 

Colchicine, yellow 

Yellow ppt. 

Bluish, liTter 

Cocaine 

' Yellow wliite 

^ gretm 

Colorless 

Gelsemin, dark brown (?) 

Yellow white 

Blue 

Morphine, violet to blue 

Yellow 

Dark bliunsolution 

Nicotine, no color or yellow. . . . 

Y(dl()w 

Blue Solution 

Physostigmine 

Yidlow 

Blue pns'ipi tate , 

Quinine, colorless to green 

Yellow white 

White preeipi- 

Strychnine, colorless 

Yellow wliite 

taU‘ 

C'olorless 

Veratrinc, .slowly, cherry-red. . . 






* Wells, Fres. Qual. AniiL, 18971 P* 664J iilso J^rcscolL’s Prox. Org. Anal., 


BITTER PRINCIPLES 


The tests are preferably made on a white porcelain tile, 
or on glass with a white background. 

In the cane-sugar acid test, any browning of the sugar 
should be discounted and only bright colors noted. 

The above tests are not by any means conclusive, since 
many glucosides and other bitter principles give similar 
color effects with concentrated acids. 

BITTER PRINCIPLES 

{Glucosides and N on-glucosides) 

Glucosides. Substances, which on fermentation or by 
hydrolysis, yield an active principle and glucose. Gener- 
ally soluble in water and alcohol, but not in ether. Ex- 
tracted from acid solutions by chloroform-ether and thus 
separated from stronger alkaloids.* Among the important 
glucosides are: 

Digitalin, C29H4CO14 (from leaves and roots of Digitalis 
purpurea), heart tonic, poisonous. 

Salicin, CialiisOr (from willow-bark), antirheumatic, tonic 
(malaria), without unpleasant effects of salicylic acid. 

Saponin, C17H20O10 (root, Saponaria officinalis; bark, 
Quillaja saponaria), expectorant, emetic, emulsifier. Taken 
hypodermically it is poisonous. Dry powder causes sneez- 
ing. Foam producer (beverages). Detergent (textiles). 

Quillajic Acid, CiylinoOio (from soap bark, Quillaja sapon- 
aria). The sodium salt causes violent irritation of throat, 
nose, and eyes (caustic action, coughing, sneezing, tears, 
and swelling of eyelids). Hypodermically, fatal poison. 
Soap bark itself (infusion or powder) is used in bronchitis 
and eczema; foam producer (shampoos and beverages); 
emulsifier and detergent (textiles). Dust from bark is 
irritating. 

* Comm. Org. Anal., 1896, Vol. Ill, pt. 3, p. 92. 
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Sarsaparillinj C20H32O1.0 (from root of Smilax officinalis). 
The extract is used as a tonic, and for skin diseases, 

Absinthin, C16H20O4 (glucosidc from wormwood, Artemisia 
absinthium). Boiled with dilute sulphuric acid yields dex- 
trose, It is a yellowish, very bitter substance. Soluble 
in water, alcohol, and ether, Associated with an essential 
oil having toxic effect in absinthe drinking. 

Strophanthin, Ci6H2(iC)s (?) (Strophanthus kombe), is a 
powerful poison, producing muscular contraction and 
rigidity. Heart tonic (in place of digitalin). Dose, 
ro-o“ A 

JalapiUj Cs-iHgoOio (resinoid, from root Ipomcea oriza- 
bensis). 

Scammonin, a resinoid identical with jalapin, but from 
Convolvulus scammonia. 

Convolvulinj CsiHsoOio (resinoid, from root Ipomcna purga, 
true jalap). All three resinoids are strongly purgative. 

Non-glucosides. Neutral bitter substances, more or less 
soluble in water, employed in medicine and beverages. 
From acid solutions they are generally removed by ether 
or chloroform.* 

The aloms (from various species of aloe). Comiiosition 
uncertain. C10H1HO7, (?). Yellowish, resin-like masses. 
Soluble in water, alcohol, and amyl alcohol (hot). Nearly 
insoluble in ether; insoluble in chloroform and benzol. 
Tonic, laxative (jaundice, constii)ation). 

Santonin, CisHihDs (from buds, species Art(miisia). Pale 
yellowish or pearly crystals. Poisonous and slightly bitter. 
Sparingly soluble in water, easily in alcohol, ether, and 
chloroform. Tonic (e})ile])sy, worms). 

Picrotoxin, CgoHuOi:} (from Cocculus indiciis, 1 )erries). 
Feathery crystals or prisms. Poisonous (es])eciiilly to lislr) 
and intensely bitter, hrom 2 to 3 grains cause symptoms 

* f\rtr Ann! \/m1 ITT t r 
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analogous to strychnine. Sparingly soluble in water. 
Easily soluble in alcohol, benzol, amyl alcohol, ammonia, 
and acidulated water (from latter by ether and chloroform) . 
Nerve tonic (paralysis, epilepsy). 

Colocynihin, C66H84O23 (?), (from Citrullus colocynthis, 
bitter fruit). Yellowish powder. Poisonous and intensely 
bitter. Easily soluble in water and hot alcohol, also in 
acetic ether. Insoluble in ether and petrolic ether. Pur- 
gative. 

Gentiopicrin^ C20H30O12 (from gentian root, Gentiana 
lutea). Bitter principle, as distinguished from the yellow- 
ish, tasteless coloring matter, gentisin. Soluble in water, 
alcohol, and ether; somewhat in chloroform. Tonic, gout, 
dyspepsia, hysteria. 

Hop Bitters , made from “lupulin’’ (yellow dust from 
female flowers of Humulus lupulus), containing a bitter 
-> principle (lupulic acid, CsoHyoOg), hop-resins, and a hop- 
oil. Soluble in boiling water; in alcohol, ether, and 
chloroform. Tonic, and also used in brewing beer. 

Qiiassin, C32PI42O10 (from quassia wood) . Intensely bitter 
crystals. Soluble in hot water, in alcohol, ether, and 
chloroform. Bitter tonic, and substitute for hop bitters. 

Chiratin, CorJTisOir, (from East Indian chiretta). Soluble 
in hot water, in alcohol, and ether (easily from acid 
solutions). Bitter tonic. 
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TESTS ON A FEW BITTER PRINCIPLES 



With cone, 
H2SO4. 

With Proehde’s 
Reagent, 

Remark.^. 

Salicitt 

Bright red. 

Violet color. 

With ILSOj and fragment 
K2Crii07 — odor of sali- 
cyl aldehyde. 

Digitalin 

Golden yellow to 
red. 

Ortuigc red to 
brown. 


Strophaathia 

Dry, greenish to 
brown. Solu- 
tion cloudy. 

No change. 

With IINOb, rose color. 

Jalapin 

Purple, then 
brown, black. 



Picrotoxin 

Y cllow to orange-l 
red on warm'g. 
(Brownish flu- 
orescence. ) 

Solutions uiud- 
fected. 

With cone. HNOg, it dis- 
Kolve.s. With cone. I-I2SO4 
aiul fragment K,2Cr207 — 

I re<l brown (Pre.scott). 

Cobeynthin 

Orange-red. 

Cherry-red 

(slowly). 

Moi.stenerl with phenol and 
drop cone. ILiHO,!, blood- 
red to tirange. 

Ouassin 

Negative or yel- 
low. 

Greenish brown. 

Not precipitated liy uculral 
lead acetate. 

Oivi'H Br. ammonia test. 

Chiratin 

Brown, 

Brown. 

Not preeipitatufl by neutnd 
lead acetate. 

No Br. ammonia te.st. 


N.B. — Neutral lead acetate precipitates true hop biller in dislinclion 
from quassia and chiratin, (See Allen’s Comm. OrK. Anal., iHyd, Vol. 
in, pt. 3, pp. 185-191. 


MISCELLANEOUS SUBSTANCES 

SCHEME FOR THE IDENTIFICATION OF ACETANILID, 
PHENACETIN, QUININE SULPHATE, ETC.* 


The test made by boiling the subsUuiee with eaustic 
•potash and chloroform is one of tire most important in the 
scheme given below. It is known as the “carl)ylamin re- 
action” or "isonitril test,” and is common to those com- 
pounds which are classed as primary amines (R — Nlli). 

+ 3 koh = 

R - N = C -k 3 KCl -h 3 II2O. 


* F. S. Hvbe, Tour. Amer. Chem. Soc., 1895, !>• 53,?: also Analyst, 



SCHEME FOR THE IDENTIFICATION OF ACETANILID, PHENACETIN, QUININE SULPHATE, ETC. 

j Solution of substance in water. 
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Phenacetin: — Conirsiry to some writers, phcnacctin will 
give the isonitril test, and hence cannot be distinguished 
from acetanilid by this reaction/^ 

Exalgin docs not respond to this test because it is a 
secondary amine; hence a distinction from acetanilid, 
phenacetin, and phcnocolL 

The odor of raspberries attributed to exalgin, when heated, 
is somewhat misleading. It is certainly aromatic, but may 
resemble either strawberries or mulberries. 

By boiling acetanilid with an alkaline solution of sodium 
hypobromite (NaBrO) or with alkaline ])ermanganate, the 
same odor of isonitril is produced, l)iit the reaction is 
complicated and not perfectly understood. However, it 
is assumed that the benzene ring constituting tlie nucleus 
of the compound is partially broken down by the strong 
oxidizing action of the hypobromite or i)ermanganate, and 
thus furnishes the necessary carbon substitution in the 
formation of isonitril. 

In making the carbylamin, isonitril, or “isocyanide” test, 
as it may be called, it is preferable to have the solution 
strongly alkaline in every case to insure a more complete 
decomposition as well as ciuicker reac:tioii and a more 
perceptible odor. 

Special Tests for AcncrANiLii), Phknac'ktin, and Salol 

The su))stance should be ])ulverlzt‘(l bt^fori' making a. t(‘sl. 
Compressed tablets often resist solution and thus hinder 
reaction. Both phena('etin and ac(‘tanilid give the “iso- 
nitril test,” and therefore cannot bi' distiiiguislusl from 
each other by this reaction. Salol does noL give the “iso- 
nitril” odor. 

Solubility in water serves a,s a Ix'tter distinction than the 
respective solubilities in alcoln)l,etli(‘r, chloroform, or benzol. 

r AumI Miifl Ann] C ’luMn iX(W. 7. 
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Acetanilid may be roughly separated from phenacetin by 
treating with hot water and filtering quickly. From the 
filtrate, on cooling, the acetanilid crystallizes out with 
traces of phenacetin. 

Phenol-glycerol Test: — On boiling with an aqueous phe- 
nol-glyccrol solution, then cooling, and adding an excess of 
filtered bleaching-powder solution: 

Acetanilid gives a brownish color, changing to an 
indigo-blue. 

Phenacetin gives a flocculent, light, coffee-colored pre- 
cipitate. 

Bromine Test for Acetanilid: — Shake powdered acetani- 
lid vigorously with three or four times its quantity of water 
in a test-tube at the ordinary temperature and filter the 
solution. To the filtrate add strong bromine water, which 
is first decolorized and finally, with excess of reagent, gives 
a white precipitate of the para-brom-acetanilid. Phenace- 
tin gives neither coloration nor precipitate. 

Salol has the lowest melting-point (43° C.); acetanilid 
(113° C.), and phenacetin (135° C.). A good characteristic 
test for salol consists in boiling with caustic potash solution, 
whereby potassium salicylate and phenate are formed and 
remain dissolved in the solution, which is perfectly clear. 
On cooling and saturating the solution with hydrochloric 
acid, the salicylic acid separates in clusters of beautiful 
fine white needles, while the solution gives off the odor of 
phenol. The salicylic acid may be sejiarated by filtration, 
and the filtrate shaken with ether to extract phenol. 

MODIFICATION OF THE THALLEIOQUIN TEST FOR 
QUININE * 

It is extremely im]K)rtant for the success of this test that 
the reagents employed should be dilute. Some authorities 

* L' IT 1 V.J VIV r«M'7 IT 2JT 
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give the quantity of each reagent necessary, without stating 
the proper dilution, thereby causing much inconvenience. 

The light-green coloration produced on porcelain by 
contact of the quinine salt with weak bromine or chlorine 
water and ammonia is not nearly so striking as the brilliant 
emerald-green color obtained by using dilute solutions in a 
test-tube. 

Usually, the analyst deals with unknown quantities, or 
mere traces, but, for experiment, it will be found convenient 
to use from three to five nulligrams of the quinine salt for 
each test. (With larger amounts there is a tendency to 
form bulky precipitates.) 

For example, place three to live milligrams (o.ooj- 
0.005 gram) quinine sulphate in a test-tube and add about 
five c.c. distilled water. Acidulate with one drop (not more) 
of dilute sulphuric acid (i : 4) which immediately dissolves 
the quinine sulphate with a blue fluorescence. An excess 
of the acid should be avoided. 

At this point various authorities recommend the addition 
of weak bromine or chlorine water; l^ut the writer has found 
that if a clear, filtered solution of calcium hyj)ochIorite 
(bleacliing powder) be sul^stituted for the Ijromine or 
chlorine water, the results will be more satisfacdory so far 
as certainty and brilliancy of the test are concerned. 

The points to be observed are as follows: After acidula- 
tion with one drop of sulphuric acid (i : 4), the hypo('hlo- 
rite solution is added through a small filter to the ((uinine 
solution in the test-tube, until the blue nuorescHMU'c just 
disappears, and the solution acquires a faint goldtm lint; 
then add a few drops of dilute ammonia, (i : when a clear 
emerald-green color should api)ear. (Thalkmxjuin t(‘st.) 

The tint, thus produced, seems to l)e more brilliant than 
that obtained through the agency of l)r()mine water. 
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to this green solution, a blood-red tint will be produced 
which may be considered confirmatory. This is not always 
the case, however, when bromine water has been used in 
the prelinainary operation. 

Potassium or sodium hypobromite is not applicable on 
account of the strong alkali which tends to precipitate the 
white quinine base and thus interfere with the brilliancy of 
the test. Chlorinated soda (Labarraque’s solution) like- 
wise gives uncertain results, the tints varying from yellow- 
ish green to violet. 

PREPARATION OF SODIUM NITROPRUSSIDE * 

The literature referring to this compound is usually more 
or less incomplete in regard to the details of its preparation; 
but, unless it is prepared in the pure state, its use as a 
delicate reagent is somewhat impaired. 

Place sixty grams pulverized potassium ferrocyanide in a 
medium-sized evaporating dish, and pour on it a solution 
consisting of 150 grams concentrated nitric acid (sp. gr. 
1.42) diluted with 100 c.c. of water. Perform the operation 
under a hood or in a draft of air. When the evolution of 
gases has ceased, evaporate on a water-bath with occasional 
stirring until a few drops of the liquid, mixed with water in 
a test-tube, no longer give a blue color with ferrous sulphate 
solution but, instead, a dark greenish cloud. 

It may be necessary to continue the evaporation for an 
hour or more before the final test is obtained. However, 
the liquid which has a dark reddish brown color, should be 
evaporated to about one-half of its original bulk to insure 
success. Allow to cool slowly over night, when crystals 
of potassium nitrate, blackened with impurities, separate 
out in stellated masses or needles. 

Decant the liquid from the crystals (which are rejected) 

* Tfi' C; T-Tvm-’’ T/itir Am/jr Qo/' IZ/vl 'V'T'Vi’' ’rQ/%.. .. 
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and neutralize it by stirring in dry sodium carbonate, pro- 
ducing a greenish-brown froth and a red solution. This 
will require some patience on account of frothing; heat on 
the water-bath, filter, and wash. Evaporate the red filtrate 
to one-half of its bulk or more, and allow it to .crystallize 
by slow cooling on the water-bath. 

The crystallization consists mostly of crusts of sodium 
and potassium nitrates, together with little red needles of 
of nitro-prusside. Pour off the mother licjiior and treat the 
impure crystals with as little water as possible, just enough 
to dissolve the nitrates and leave the red crystals. Then 
with this nitrate solution in the same dish, wash or ^^pan 
out’^ (with a rotary motion) the impurities from the 
crystals. 

These red crystals may be rccrystallizcd by dissolving in 
a small quantity of distilled water and evaporating the deep- 
red solution in a beaker to small Inilk, or l)etter still until 
there is an incipient formation of crystals. 

By slow cooling, as before, clusters of beautiful red 
rhombic needles are produced. Pour off the mother li(]uor 
and dry the crystals on filter paper. 

The yield averages about twenty-five ])er cent by weight 
of the ferrocyanide used. Tn one e.xperiment the writer 
obtained seventeen grams of the nitr()])russide from sixty 
grams ferrocyanide, or over 28 per cent yield. Very little 
is gained by treating the mother liciuors for an extra yield, 
especially in the case of small amounts. 

Sodium nitroprussidc (NaoI"e(N())('yft + 2 HoO) has no 
melting-point. When heated in a glass tube, the crystal 
gives off moisture and becomes black without disintegra- 
tion. It is slowly soluble in cold water, but easily soluble 
in hot water. It is best known as a very delicate reagent 
for sulphur in the form of alkaline siil])hides, producing 
/-^iMrnrl cnlntiAnu wUu'h <rr;w]n'l11v rnler on 
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Certain organic compounds also react with sodium nitro- 
prusside. For instance, with a weak aqueous solution of 
nitroprusside made slightly alkaline with caustic soda, 
formaldehyde gradually produces a dark amber tint; acetic 
aldehyde gives a blood-red color, becoming darker on 
standing, and finally violet after two or three hours; acetone 
produces a blood-red solution fading gradually to orange 
red; and benzaldehyde gives no coloration, 

A GENERAL SCHEME FOR SEPARATING ORGANIC 
SUBSTANCES * 

The substance is treated with water acidulated with 
sulphuric acid and the mixture agitated with ether in a 
separatory funnel. 

Acid Aqueous Solution Treated with Ether 


I. 

Ether layer. 

Treat ether layer separately with an equal volume of dilute 
caustic soda (NaOH). 

Immiscible solvent. 

Alkaline solution. 

Hydrocarbons, fatty and 
essential oils, higher 
fatty and aromatic 
acids, higher alcohols, 
phenols, camphors, glu- 
cosides, resins, coloring 
matters, hop bitters, 
artificial drugs, weak 
alkaloids. 

N. li. — Pres e n c e of 
methyl or (ithyl alco- 
hols and also acetic acid 
would interfere with im- 
miscible solvent. Re- 
move beforehand. 

Parafiin, mineral, and rosin 
oils, napthalene, anthra- 
cene, turpentine and essen- 
tial oils, camphor and men- 
thol, nitro-benzol, nitro 
glycerine, amyl alcohol, 
wax alcohols, cholesterol, 
chlorophyll, caffeine, digi- 
talin, theobromine, piper- 
ine, colchicine, acetanilid, 
phenaeetine and possibly 
fixed oils and fats iKjt sapon- 
ified ill cold. 

Soaps as stearates, oleates, 
and palmitates; rosin as resi- 
nate; phenolic bodies us phe- 
nates, benzoates, and sal- 
icylates; cresol as cresotate, 
thymol and “ creosote ” 
compounds; acid dyes as pic- 
rates, alizarin, salTranin, 
etc.; glucositles as picrotoxin 
and cantharidcs. 

N, B. — Dyes or colors re- 
main mostly in original 
acid solution — very little 
extracted. 


If. 

Acid solution. 

Add 1/2 vol. ether-chloroform (1:1) and make alkaline with 
ammonia. 

Immiscible solvent. 

Alkaline solution. 

Clarboh yd rates, soluble 

organic acids, filkaloidal 
salts, coloring matters, 
pyridin and anilin, pro- 
teids. 

Strychnine, fpiinino, atro- 
pine, ai'onitine, cocaine, 
codeine, hyoscyaniinc, co- 
nine, brucine, anilin, etc. 

N, /h— Moriihine is sparingly 
soluble in ether-chloroform. 

Sugars, dextrin, gums, ace- 
tates, citrates, tartrates, 
o,xalatcs, and lactates; albu- 
men, casein, gelatine, cochi- 
neal, cudbear, logwood, 

morphine, and cinchonine. 



i 62 


oils AND SOLVENTS 


Scheme; — Hair Tonics, Cologne Water, Medicinal 
Preparations, Etc. 

Distil off alcohol and determine as in wine analysis. 
Acidify solution with sulphuric acid, and extract with 
petrolic ether, using a stop-cock separator. 

Acid Aqueous Solution Extracted with Petrolic Ether 


Extract A 
Contains the 
hydrocarbons, 
fixed oils, es- 
sential or vol- 
atile oils. Dis- 
til with steam 
to separate 
volatile from 
any fixed oils. 


Aqueous sohUitm A 

Place in separator and treat with .sulphuric ether. 


Extract B 
Resinous ljotlie.s, 
balsain.s and 
possibly hoj) 
bitters, fiuas- 
sin, picrotoxin, 
gentian, chi- 
retttt. 


Aqueous solution B (slUl acid) 
Treat with chloroform. 


Extract C 

Solution C 

('.'UTcliU' nin- 

Make alkaliiu* with ammonia and 

tharitlin.lhc* 
0 1) r 0 in i n c, 
po.ssibly rc.s- 

again treat with chloroform. 



ms. 

i Exlrad 1) 

Solution I) 


1 (Vintainii most of 

! (Alkaline) 


alkaloids, (lui- 

Shake with 


nine, sLrvch- 

warm amyl 


nine, codeine, 

a 1 c 0 h 0 1 to 


aconite, eine- 

remove nmr- 


tine (ipeeae), 
cocaine. 

plane. 

Remaining solu- 
tion 

'I'est for ('oloring 
matt(‘r.s, glu- 
eo.'ie. sugar, 
gums, sidts, 
ete. 


Remarks : — ^ Resinous and balsamic liodies arc not. very 
soluble in petrolic ether, but are more so in ordinary ether. 

Cantharidin, in acid solutions, is miudi morc^ soluble in 
chloroform than in ether.'’' 

From acid solutions chloroform removes W(‘a.k alkaloids 
(likewise oily and resinous bodies and {j;lucosides not pre- 
viously extracted). 

From (ammoniacal) alkaline solutions chloroform re- 
moves most of the principal alkaloids except moiphine 
which is more readily extracted with (hot) amyl ak'ohol.t 

* Sec Prescott’s Org. Anal., 1892, p. 83; also J.S.t:.!., Vol. XXII, 1903, 
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Quassin, as well as hop bitters, is extracted by ether from 
acid solutions. Its best solvent is chloroform.* Resins of 
jalap, scammony, myrrh, senna and guiacum may be ex- 
tracted from the dry material by a mixture of benzol (3), 
chloroform (2), and alcohol (i).t 

A Scheme tor Separating Alkaloids and Gldcosides t 

(Based on Dragendorffs Method of Separation.) 

The finely divided material is digested several hours 
with water acidulated with sulphuric acid, then filtered. 

Filtrate: — Treat with magnesia (MgO), leaving slightly 
acid. 

Evaporate to syrup, treat with 3 or 4 parts 70 per 
cent ” alcohol acidulated with sulphuric acid, and digest 24 
hours at 30"^ C, (frequent agitation). When cold filter 
and wash with alcohol. Evaporate to remove alcohol; 
then dilute with water. 


Acid Aqueous Solution “ — Treat with Petrolic Ether 


Aqueous layer {acid) 

Treat with benzol and test for extract. If any, nearly neutralize 
whole with MrO, leaving slij?htly acid, and repent extraction 
with benzol. 


Aqueous layer (still acid) 
Extract with amyl alcohol. 


Solution ‘'B" Cpetro- 
lic ether) 

Fats, oils, etc., bit- 
ters, pi peril! , siil- 
icylic acid. 


Pt'trolic ether doi'S 
not remove, .alka- 
loi<ls from iicid 
solutions. 


Solution (* (henzol) 
('alTeine, c(jleliieine, 
cuhebine, dij-dtalill, 
and traces (jf ber- 
berine, verutrine, 
etc. 


Solution n " (amyl al- 
cohol) 

Berln'rine, cocaine, 
(? ) picroloxin, phy- 
sostij^mine, theo- 
bromine, veratrinc, 
cantharidine. 


Aqueous layer (still 
add) 

Extract with chloro- 
form. 


Solution E {chloro- 
form} 

May contain papave- 
rin, narcotine, the- 
baine, vera trine 
(some). 


Comm. Org. Anal., i8(/), Vol. TIT, part 3, pp. 187, igo. 
t Comm. Or)?. Anal,, 1806, Vol. HI, part 3, p. 161. 

1 Consult Prescott's Pro.x. Orcr. Anal.. 180?. nn. 
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The Residual Aqueous Acid Layer Containing the Prin- 
cipal Alkaloids: — Make slightly alkaline with ammonia 
and treat with (first) petrolic ether to extract cocaine, 
emetine, quinine, conine, nicotine.* Follow with benzol for 
aconite, atropine, codeine, hyoscyamine, cinchonine, quin- 
idine, strychnine, brucine, etc.t Finally, acidulate aqueous 
portion, wash with amyl alcohol, make alkaline with ammo- 
nia, and extract with warm amyl alcohol for morphine, etc. 


Normal Acid and Alkali Solutions 

Normal Sulphuric Acid 


A normal sulphuric acid solution should contain 49 
grams H2SO4, as such, per litre, based on the eciuivalent of 
one hydrogen atom, viz., one-half the molecular weight 
(98 X I). 

A normal solution of sodium carlionate would contain 


53 grams Na2C03 per litre and should neutralize exactly 
(cubic centimeter for cubic centimeter) a solution of 
H2SO4 containing 49 grams i)cr litre. 

It is impossible to weigh out exact quantity of IbSO.j, on 
account of its hygroscopic jmoperties and variations in 
gravity. The gravity variations are, acx’ording to Hloch- 
mann’s “ Darstellung chemischer anorganisc'her Praj>- 
arate,'’ 1895, p. 75: 


Gravity 

1.820. 

1.825. 

1.830. 

I ■835- 

1.840. 

1.8413 

1.8412 

1.8403 

1.8384 


l)y wciKlil 
() 0.0 
91 .0 
02.0 

98 • 5 
gO .0 

97-7 
g8 .0 

99-0 

100.0 


Consult Wells’ Fres, Qual. Anal. 
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The specific gravity of concentrated sulphuric acid in- 
creases up to a strength of 97.7 per cent; then slightly 
decreases as the maximum (100 per cent) is reached. 

To prepare a normal solution of sulphuric acid, first 
prepare an approximate solution, preferably overstrength, 
so that it may be diluted to proper strength afterwards. 
Therefore, measure out about 30 c.c. C. P. sulphuric acid 
(sp. gr. 1.84 of 96 per cent strength) and dilute to 1000 c.c. 
for approximate normal strength. 

Such a solution would contain about 53 grams of H2SO4 
per litre: 

30 X 1.84 grams at 15° C. = 35.2 grams. 

96 per cent of 55.2 grams = 52.99 grams H2SO4. 

To determine the amount of dilution required for normal 
strength, titrate the above solution against a known 
weight of C. P. dry sodium carbonate (made from sodium 
bi-carbonate, NaHCOa), using methyl orange as an indi- 
cator. 

The writer prefers to titrate two separate portions of 
C. P. dry Na^iCOa, each weighing exactly 2.65 grams, and 
theoretically equivalent to 50 c.c. normal acid solution. 
Dissolve each in 100 c.c. water. 

Suppose that 2.65 grams are neutralized by 47.5 c.c. of 
the acid solution, then the acid is too strong and every 
47.5 c.c. must be diluted to 50 c.c., or every 950 c.c. to 
1000 c.c. for normal strength, thus: 

47.5 : 50 = X : 1000. (x = 950.) 

If there is not enough solution to make one litre of 
normal acid, then calculate quantity necessary to make up, 
say, 900 c.c., thus: 
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Then, measure out 855 c.c. in a graduated cylinder, if 
necessary, using a burette for the last 5 c.c., and dilute to 
900 c.c. for a normal solution. 

Nosmal Hydrochloric Acid 

Normal hydrochloric acid solution should contain 36.45 
grams HCl as such per litre, and 100 c.c. of this should 
neutralize exactly 100 c.c. of normal NajCOj or NaOH 
solution. 

As it is impossible to weigh the exact amount of HCl, 
take the gravity of C. P. muriatic acid by hydrometer, 
ascertain strength or per cent liCI from tables, and meas- 
ure out sufficient acid to give slight bvcrstrenglh when 
diluted to 1000 c.c. Titrate against C. P. Na^COs, as 
above. 

For example, sp. gr. of acid = 1.165 = 33-02 per cent HCl. 
If no c.c. are taken, then 1.165 X no c.c. = 128.15 grams 
acid. And 33.02 per cent of 128.15 grams = 42.31 grams 
HCl in the no c.c. acid taken. Suppose, on diluting this 
to 1000 c.c. and titrating, a strength of 41 grams HCl per 
litre is shown, then calculate the portion of this solution to 
take for dilution to normal, thus: 

1000 : 41 = X : 36.45. (x = 889.) 

Therefore, take 889 c.c. of the ovcrslrenglh solution 
and dilute to 1000 c.c. 

Normal Sodium Hydrate 

A normal solution of sodium hydrate contains 40 grams 
C. P.NaOH (caustic soda) per litre, each cubic centimeter 
being equivalent to, and neutralizing, one cubic centimeter 
of normal acid. 

On account of its deliquescent properties, weigh out 
aKniit orranri'? sodium hvdrate — C. P. bv alcohol — and 
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dissolve In about 400 c.c. distilled water. When cold 
dilute to 1000 c.c. 

Titrate this solution against 50 c.c. normal sulphuric 
acid; that is, draw off 50 c.c. normal acid from a burette 
into a No. 2 beaker, dilute sufficiently with distilled water 
(which does not alter amount of acid in beaker), add a few 
drops methyl orange indicator, and titrate by “running 
in’^ the alkaline solution from a separate burette, finally 
drop by drop, with frequent stirring. End reaction: in- 
dicator changes from cherry-red (acid) to golden yellow 
(alkaline) the instant the point of neutrality is passed. 

Phenol-phthalein indicator may likewise be used to ad- 
vantage, colorless with acids but changing to crimson with 
alkalinity. 

Suppose 46 c.c. of the alkaline solution exactly neu- 
tralizes 50 c.c. of the normal acid, then, 

46 : 50 = rr : 1000. {x = 920.) 

Therefore, take 920 c.c. of the sodium hydrate solution 
and dilute to 1000 c.c. for normal strength. 

Carbonate in Presence of Bi-carbonate 

Solution, cold and dilute. For indicator, use phenol- 
phthalein which is neutral to bi-carbonates. Dip nose of 
burette into liquid and titrate with N/io acid. 

The neutral carbonate takes the acid first, forming 
bi-carbonate equivalent to ^ carbonate. 

Now, add a few drops methyl-orange indicator and titrate 
for total bi-carbonate. 

Multiply first titration by two for carbonate, and deduct 
from final result lor original bi-carbonate. 
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Small Amounts of Caustic Alkali with Carbonate 
OR Bi-carbonate 

To a weighed sample in cold solution, add an excess of 
barium chloride: 

NaOH + Na2C03 + BaCb = EaCOs + 2 NaCl + NaOH. 

The barium carbonate is neutral to phenol-phthalein; 
therefore, without filtering, titrate the cold solution direct 
for caustic alkali with N/io acid. 

For Carbonated Alkali: — Use separate weighed portion 
in cold solution, and titrate with N/io acid for caustic and 
f carbonate, using phenol-phthalein. 

Then deduct equivalent caustic first found, and multiply 
the difference by 2 for carbonate, Comi)lete titration, 
using methyl-orange indicator for other 2 carbonate and 
any bi-carbonate originally present. From final numlx^r of 
c.c. acid used deduct the sum of equivalents for caustic ^ 
and carbonate to obtain bi-carbonate,* 

The Composition of Red Lead. (PbiA.) Phillips states 
that PbA and not PbgO.! is the formula for “red lead.” 

Percy'!' gives the following analysis, corresixmding with 
the formula 4 Pb0.Pb02 or Pb^Oc. 

Per cent 


Lead monoxide (PbO) ‘^0.54 

Lead dioxide (PbOa) 18.89 

Ferric oxide (Fe2O:0 0.19 


99.()2 

Hurstt indicates that both Pb^O-t and PluOf, are known, 
but that PhiOf, can only be made by repeated oxidation 
of the monoxide, viz., litharge. 

If Pb304 (2 Pb0.Pb02) represents the ^Hriie red lead,” 
then the higher 3 Pl)() or 4 PbO combinations must be 

* Sec Sutton’s Volumetric Analysis, 1890, p. 54. 
t Metallurp:y of lead. 
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due to the excess of litharge not entering the composition 
of the Pb304. 

Since litharge does not yield lead dioxide on treatment 
with dilute nitric acid, while ‘^true red lead^^ does, then 
the dioxide produced ought to be the measure of the amount 
of Pb304 present. In other words, a sample of commercial 
red lead could yield an amount of dioxide proportional to 
the ‘^true red lead” which it contains. 

Multiplying the weight of dioxide obtained by a factor, 
2.866, would give the “true red lead,” as such, the differ- 
ence between it and the weight of the original sample taken 
representing free litharge and impurities. 

Woodman* adopted a method of digesting the sample 
with a saturated solution of lead acetate, which dissolves 
out the “free” litharge in excess of that combined as 
2 Pb0.Pb02. The separation is quite sharp, while pro- 
longed digestion fails to produce any appreciable change 
in the weight of “true red lead.” 

If the nitric acid method of analysis is adopted to convert 
the red lead into the dark-brown peroxide, insoluble in 
nitric acid, and the monoxide which is soluble, it would 
be preferable to first remove the free litharge by the acetate 
method and determine its weight by loss. 

Then treat the residue with dilute nitric acid to preci- 
pitate the ])eroxide (dioxide), whereby its equivalent in 
Pb304 is easily ascertained by the factor 2,866. 

As an alternative method, the sample may be treated 
directly with dilute nitric acid to obtain the peroxide which 
is calculated to PbsO.!, and the combined PbO determined 
by difference. Ascertain the total PbO in the acid solution 
by transposing to sulphate and calculating to monoxide. 
Deduct the combined PbO from the total PbO to find the 
free litharge. 

* Triiir Am Clif'm SJnr tRo'? 
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Assuming either method to be carefully performed, any 
differences in the total weight of sample taken and the 
amounts of “true red lead” and “free” litharge, as found, 
must be due to other constituents as impurities. 

It would be more satisfactory for commercial purposes 
to state an analysis as follows : 

Obtained 18.89% PbOj (peroxide of lead). . . 


True red lead equivalent (PbaO^) 54 . 14% 

Free litharge (PbO) 45 . 29% 

Ferric oxide (FC2O3) 019% 

Other impurities 0.38% 


100 . 00% 

N.B. — True red lead does not produce a cement with 
glycerine, while litharge docs. 


1605 
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Absinthin, 152. 

Acetaldehyde, 3. 

Acetanilid, 154-157. 

Acetic anhydride, 14, 76, 127. 
Acetone, 6, 72, 128. 

Acetylization, 60. 

Acid figure, 100. 
number, 58. 
number, total, 136. 
test, free, 71. 

Acid, acetic, 13, 73, 95. 
arachidic, 77. 
benzoic, 32. 
boric, 69. 
carbolic, 18. 

cerotic, 131, 137, 139, 142. 

hydrochloric, 16C. 

lauric, 131, 139. 

myristic, 13 1, 140. 

oleic, 89, 1 18. ^ 

pidmitic, 118, 119, 131, 139, 

quillajic, 151. 

salicylic, 69, 157. 

stearic, 118, 127, 130, 131, 

139- 

sulphuric, 164, 

Acids, fatty, 94, 118, 121, 125. 
resin, 121. 

Aconite, u\(), 161. 

Acrolein, 10. 

Action of nitric acid on oils, 75. 
Adulterants of linseed oil, 98. 
Adulterations in butter and milk, 
67. 

Agar-agar, 34, 55. 

All)ertite, 42. 

Albumcnoids, 51, 52. 


Alcohol, amyl, 13, 164. 

ceryl, 13 1, 141. 
cetyl, 13 1, 140. 
cholesteryl, 132, 141. 
ethyl, 6. 
methyl, 5. 

myricyl, 131, 137, 140. 
phytosteryl, 142. 
Alkaloids, cadaveric, 144. 

dosage of, 147. 
separation of, 148, 163. 
solubilities of, 147, 149. 
vegetable, 144. 

Aloins, 152. 

Aluminum oleate, 112. 

palmitate, 112. 

Amber, 36. 

Amyl acetate, 13, 104. 

Anilin, 16. 

Approximate figures for oils, 66. 
Asphalt, 41. 

Atropine, 145, 149, 164. 

Balsam, Canada, 29. 
copaiba, 30. 

Peru, 31. 
styrax, 30. 
toll!, 31. 

Barfoed’s test for glucose, 51. 
Barium oleate, 119. 

palmitate, T19. 
stearate, rig. 

Baudoin’s lest (sesame oil), 76. 
Beeswax, 123, 1 27-131, 136-138. 
Benzine, ii. 

Benzol, 16, 129, 163, 164. 

Bitter principles, 151, 153, 154. 
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Bitumens, 41. 

Blown oils, 81. 

Boiled oil, 103, 105, 106. 

Bone fat, 87. 
tallow, 90. 
tar, 19. 

Boric acid in milk, 69. 

Bromine absorption, 100-102. 
Butter, adulterations in, 67, 68. 

Cacao butter, 88. 

Caffeine, 144, 148, 149. 

Camphor, borneol, 24. 

coal tar, 25. 
laurel, 24. 
menthol, 24. 
peppermint, 24. 
tonka bean, 28. 
Cantharidin, 162. 

Caoutchouc, 39. 

Caramel, 42. 

Carbohydrates, 42. 

Carbonates, 167, 168. 

Carbon bisulphide, 12. 

tetrachloride, 8, 129, 135, 
Casein, 52. 

Cellulose, 47. 

Ceresin, 126, 13 1. 

Cliiratin, 153. 

Chloral, 10. 

Cliloroforni,8,i28, 147"i49, 152, 162. 
Chocolate, 88. 

Cholesterol, 72, 132, 141, 142. 

Coal tar, 17. 

Cocaine, 144, 146, 147, 149, 150, 164. 
Collagens, 54. 

Colocynthin, 153. 

Colophonium, 38, 138. 

Comparisons of oils and fats, 81-89. 

wax-like substances, 

i3«. 

Convolvulin, 152. 

Copal, gum, 34. 

Manila, 35, 


Copal, Demcrara, 35. 

Copper rcsinate, 117. 
soap, 110. 

Creosote, beechwood, 18, 19. 
coal tar, 19. 
oils, 17. 

Ciimarin, 28. 

Degras, 124. 

Dextrin, 46. 

Dextrose, 43. 

Digitalin, 15 1. 

Driers, determination of, to6. 

proportion of, 104. 

Drying test, 74. 

Elaidin test, 78-80. 

Essential oils, 25. 

Ester number, 58. 

Ether, ethyl, n, 128, 147, T49, i6r. 
petrolic, n, 72, 128, 147, i4(), 
150, 162-164. 

Fatty acids, melting-point of, 120. 

separation of, 1 18. 
Fehling’s solution, 48, 49. 
Flash-point, 71. 

Formal, i. 

I*’()rmal(leliy(le, 1,2. 

I'Vee acid test, 71 , ()4. 

Froehde’s reagent, 150. 
h'urfurol, 4. 

I'usel oil, 12, 129. 

CJasoliiK’, 11, 72, ()3, ()5, 107, 108, 
109. 

Gas tar, 17. 

Gelatine, 54. 

Gentiopicrin, 153. 

Gilsonite, 42. 

Glacial a(*etic ac'id, 13, 73, (>5. 
Glucose, 43. 

Glucosides, r5i. 

Glue, (‘omnion, 55. 
lisli, 54, 
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Gluten, 53. 

Glycerides, 56. 

Glycerine, 14. 

analysis of, 62. 

Grahamite, 42. 

Greases, analysis of, 93-96. 

composition of, 92. 
rosin oil in, 92, 95. 

Groii[) table for oils, 89. 

Gum arabic, 34. 
benzoin, 31. 
chicle, 41. 
copal, 34. 
damar, 34, 35, 
kauri, 34, 35. 
mastic, 37. 
resins, 33. 
sandarac, 37. 
tragacanth, 34. 

Gumming test, 74. 

Gun cotton, 48. 

Gutta pcrcha, 40. 

Hair tonics, analysis of, 162. 

lialphen’s reaction (cottonseed oil), 
75 - 

Ilanus’ solution, 67. 

llexabromide test, 75, 97. 

Iligiicr alcohols, 139. 

Hop billers, 153. 

I Iors(^ fat, go. 

Hubl method, O2, 64, 100, 

Hydrocarbons in waxes, 134. 

Hydrochloric acid, normal, 166. 

Immiscible solvents, 1.^8, 161. 

Iodine absori)tion, O2. 

Iodoform test, 6. 

Iron resin ate, 117. 
soaj), no. 

Isinglass, 54. 

Isoc'holesterol, 132, 142. 

Isonitril test, 154-^56. 


Jalapin, 152. 

Japan wax, 88, 122, 1 27-131, 133, 
138, 143. 

Koettstorfer process, 57. 

Lactose, 44. 

Lanolin, 125, 131. 

Lard, 87. 

Lead arachidtate, 118. 
hypogeate, 118. 
laurate, 118. 
linoleate, 113. 
myristate, 118. 
oleate, in, 118. 
palmitate, 112, 118. 
resinate, 115-117. 
ricinolate, 118. 
stearate, 112, 118. 

Levulose, 43. 

Liebermann-S torch reaction, 76, 96. 

Linoleates, insoluble, 112-114. 

Livache test, 74, 100. 

Lubricating oils, 90-96. 

Luster work, 117. 

Magnesium oleate, 119. 

palmitate, 119. 
stearate, 119. 

Malt, 44. 

Maltose, 44. 

Manganese linoleate, 113. 

resinate, 115, 116. 

Maiimcne test, 72, 100. 

Melting-point, 70, 120. 

Menthol, 24. 

Methylal, i. 

Milk, boric acid in, 6q. 

salicylic acid in, 6q. 
sugar, 44. 

Mixed fatty and resin acids, 121. 

Moisture in oils, 71, 93. 

Molasses, 44. 

Morphine, 144,145,148,149,161, 164. 

Myricin, 137, 142. 
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Naphtha, I7« 

Naphthalene, 17, 25. 

Nitric acid tests, 75, 

Nitro-benzol, 16. 

Non-glucosides, 152. 

Non-glyceridcsJ 56. 

Non-saponifiable matter, 55, 72, 
100, 125. 

Oil, almond (sweet), 81, 89. 
anise, 26. 
anthracene, 17. 
arachis, 81. 
bergamot, 26. 
bitter almonds, 27. 
blown, 81, 89. 
boiled, 103. 
castor, 81, 89. 

China- wood, 76, 83. 

cinnamon, 28, 

citronella, 26. 

cloves, 27. 

cocoanut, 84. 

cod- liver oil, 85. 

colza, 82. 

corn, 82, 89. 

cottonseed, 82, 89. 

creosote, 17. 

croton, 83, 89. 

fish, 75, 97, 98. 

lard, 85, 89. 

lavcmlcr, 25. 

lemon, 26. 

lemon grass, 26. 

linseed, 75, 83, 89, 97, 103. 

maize, 82. 

menhaden, 86, 89, 98. 

mineral, 55, 73, 74, 8y, 92. 95, c;8. 

neatsfoot, 85, 89. 

olive, 82, 89. 

palm, 84. 

peanut, 81, 89. 

peppermint, 24. 

nnnnvcspr^fl go go. 


Oil, rape, 82, 89. 

rosin, 73, 76, 89, 91, 95, 99. 
sassafras, 27. 
sesiinie, 83^ 89. 
soya bean, 84. 
sperm, 86, 89, 90, 124. 
sunflower, 84, 8g. 
tallow, 85, 89. 
tuiig, 74, 83, 89. 
turpentine, 22, 99, 129. 
whale, 86. 
wintergreen, 27. 

Oils, commercial tests on, 69-80. 
comparisons of, 81-89. 
lubricating, 90-96. 
table of, 66, 89. 
vegetable, 81-84. 

Oleates, preparation of, in. 

Oleomargarine, 68. 

Opodeldoc, in. 

Ozocerite, 126. 


Paint analysis, 107, 

Palmitates, preparation of, in. 
ParaOin, 55, 122, 126-133, 138. 
Pavy’s solution, 50. 

Pectin, 34. 

Petrolic ether, ii,7.>, 128, 147-149, 
162 164. 

Phenacetin, 154 156. 

Phenol, 18. 

Phos|>lio-molyl)(la(e ri^agenl, 150. 
Phytoslerol, 132, 142. 

Picrotoxin, 152, 162, 103. 

Pitch, Burgundy, 38. 
coal lar, 17, 41. 
pine, 39. 

Proteids, 51. 

I^roteoids, 54. 

I^lomaines, 144. 

Pyridin, 21. 

Pyroxylin, 48, 104. 

PvrroK 20. 
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Quassin, 153, 163, 

Quinine, 144, 145, 149, 164. 

Rafiinose, 44. 

Reactions, saponification, 56. 
Reagents, alkaloidal, 149, 150. 

Red lead, composition of, 168. 
Reichert process, 59. 

Renard’s test (peanut oil), 77. 

Resin acids, mixed fatty and, 121. 
Rcsinates, 114-117. 

Resins, gum, 33. 

Rosin, common, 38, 132, 138. 
oil, 73, 76, 89, gi, 95- 
soap, 1 14. 

Rubber gum, 39. 

substitutes, 40, 

Salicin, 151. 

Salicylic acid, 69, 157. 

Santonin, 132. 

Saponin, 15 1. 

Saponification, 53, 74. 

Sarsaparillin, 152. 

Scammonin, 152. 

Scheme, organic substances, 161, 163. 
Shellac, 33. 

Sitosterol, 142. 

Soai), aluminum, no. 
co{)i)or, no, 117. 
iron, 110, 117. 
magnesium, 109. 
marine, no. 
tin, 1 10. 
ziiu', !IO. 

Soaps, insol 111 lie, 93, toq. 
in greases, 92, 94. 

Sodium hydrate, normal solution, 1 66. 
lauratc, 84. 
linoleate, 112. 
nitroprusside, 139. 
resinate, 1 1 4. 

thiosulphate (standard), 63, 


Solidification-point, 70. 

Solubilities, alkaloids, 147, 130. 
waxes, 127. 

Solubility tests, oils, 72. 

Specific gravity, 70, 130, 

Spermaceti, 123, 127-131, 133, 138. 

Starch, 45, 132. 

Stearates, preparation of, in. 

Stearic acid, 118, 127, 131, 133, 138, 
139 - 

Stearin, 57, 87, 127, 130. 
cottonseed, 88. 

Strophanthin, 152. 

Strychnine, 144, 146-148, 149, 164. 

Sugar, beet, cane, maple, 42. 
fruit, 43. 
invert, 42. 
milk, 44. 

Sulphur chloride, 12. 

in waxes, 132. 

Sulphuric acid, normal, 164. 

Table, approximate figures, 66. 

comparisons of oils, 81- 
89. 

group, for oils, 89. 
solubilities of alkaloids, 147- 
149. 

vegetable alkaloids, 144-146. 
wax-like substances, 138. 

Tallow fat, 87. 

Tar, coal, 41. 
pine, 39. 
wood, 38. 

Test for cottonseed oil, 75. 

fish oils, 75, 97, 98. 
linseed oil, 73, 99. 
peanut oil, 77. 
rosin oil, 76, 99. 
sesame oil, 76, 77. 

Tests on acetanilid, 134-137, 
acetone, 3, 6. 
alcohols, 6. 
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Tests on alkaloids, 149, 150* 
balsams, 32. 
bitter principles, 154* 
carbon tetrachloride, 9. 
chloral, 10. 
chloroform, 9. 
cholesterol, 141. 
furfurol, 5. 
glycerine, 15. 
morphine, 149, i Sp- 
oils and fats, 69-80. 
phenacetin, 154-156. 
phenol, 18. 
phylosterol, 142. 
quassin, 154. 

quinine, 149, 150, 155, IS 7 » 
salicin, 154* 
salol, 155, 156. 
strychnine, 149, 150. 
sugar, 48-3 1- 
waxes, 132-138, 143. 

Thalleioquin test, 157* 

Tocher’s test (sesam6 oil), 77. 

Toluol, 16. 

Total acid number, 136. 

True gums, 33, 34* 

Turpentine, 22, 99, 129. 

Venice, 23. 

Unsaponihable matter, 55, 72, 100, 
125. 


Valenta turbidity test, 73. 

Vanilla, 29, 

Vaseline, 126, 

Viscosity, 69. 

Wax acids, 139. 
alcohols, 139. 

Ijayberry, 123. 
bees, 123, i27“I38, T42. 
carnaul)a, 123, 127 138. 
Chinese, 123. 
decomi)()se(l, 136, 137, 

Japan, 88, 122, 127-138, 143. 
mineral, 126. 
myrtle, 123. 

parairin, .122, 126, 127- [38. 
spermaceti, 123, T27-r33, 138. 

Waxes, comparisons on, r38. 
hydrocarbons in, 134. 
meUingi)oints of, 13 1. 
mixed, 133. 
saponification of, 13.1. 
soluliilily of, 1 27 1 21). 
S])eciric gravity of, 130. 
tests on, 132, T33, 143. 

Wijs’ solution, 65. 

Wood alcohol, 5. 
tar, 1 7, 38. 

Wool fat, 124. 

grease, 124. 
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Outlines of Industrial Chemistry 

A SERIES OF TEXT-BOOKS INTRODUCTORY TO 
THE CHEMISTRY OF THE NATIONAL INDUSTRIES. 

EDITED BY 

QUY D. BENaOUGH, M.A., D.Sc. 

An Introduction to the Study of Fuel. 

By F. J, Brislee, D.5c. 

With many Illustrations* Demy 8t;o. 8/6 net, (Sec p. 12O 

The Chemistry of Dyeing and Bleaching 
of Vegetable Fibrous Materials. 

By Julius Hiibnef, M.Sc.Tech., F.LC. 

Demy 8vo. Illustrated, 14/- net. (Sec p. 45.) 

The Chemistry of the Rubber Industry. 

By Harold E. Potts, M.5c. Demy 8vo. 5 /- net, (Sec p. .jo.) 

Iron and Steel. An Introductory Textbook lor 

Engineers and Metallurgists. 

By 0. F. Hudson, M.5c., A.R.C.S., and (iuy 1), 
Beng‘OUg‘h, M.A., D.Sc, Deviy8vo, Illustyntcd, 6 / - w/. [Sec 
p. 17.) 

The Chemistry of the Oil Industry. 

By J. E. Southcombe, M.Sc., F.C.S, ikmyHvo. iiluhtyatcd, 
7/6 net, (See p. 48.) 

Cement, Concrete, and Bricks. By a. b. searie. 

Demy 8vo, Illustrated. 8/6 net, (Sec p. 46.) 

OTHER VOLUMES IN PREPARATION. 

The Chadwick Library. 

Rainfall, Reservoirs and Water Supply. 

By Sir Alexander Binnie. H /6 net. (Sec p. jo.) 

Vital Statistics Explained. 

By Joseph Burn, F.I.A., F.S.I. .j/-- net. {Sec p. y,.s.) 

IN PREPARATION. 

Altitude and Health. 

By Prof. F. F. Roj^et. 

OTHER VOLUMES WILL FOLLOW. 


Metallurgy 

Ediled by WALTER ROSENHAIN, F.R.S., B.Sc., etc. 


An Introduction to the Study of Physical 
Metallurgy. 

By G. Walter Rosenhain, B.A., D.5c., F.R.S. io/6 net. 

(S£« p. ^t.) 

IN PREPARATION. 

The Metallurgy of Brass. 

By O. D* Bensfougfh, M.A., D.Sc. 

The Metallurgy of Zinc. 

By J. S. Q. Primrose, A.R.T.C., A.I.M.M. 

I'he Metallurgy of Aluminium. 

By R. Seligfman, Ph.Nat.D. 

The Metallurgy of Strain. 

By j. C. W. Humfrey, B.A., M.Sc. 

The Metallurgy of Refractory Metals. 

Bv W. C. Hancock, B.A., F.I.C. 


Practical Manuals for Practical Men 

Fully Illustrated and Indexed. 


FoLinchitioiis and Machinery Fixing. By Francis H. Davies, a/- net. 
[See p. 28.) 

ELECTRIC WIREMEN’S MANUALS. 

'Testing; and l./ocalizing Faults. Bv J. Wright, if- net. 

Art; Lamps and Accessory Apparatus. By J, H. Johnson, A.M. I. E.E. 
i/n net. 

Motors, Secondary Batteries, Measuring Instruments and Switch- 
gear. Bv S. K. Broadfoot, A.M.I.E-E. ij-net. 

Mill and Factory Wiring. By R. G. Devey. 2/- net. 

Flectric Mining Installations. By P. W. Freudemacher, A.M.I.E.E. 

2/ - net. 

Ship Wiring and Fitting. By T. M. Johnson, il-net. 

Bells, Indicators, Telephones, Alarms, etc. By J. B, Redfern and 
J. 5avin. 1/6 net. 

Switchgear and the Control of the Electric Light Power Circuits. 

By a. G, Collis, A.M.LE.E. i/- net. 


The Glasgow Text-BooRs of 
Civil Engineering 

Edited by O. MONCUR, B.Sc., M.lnst.C.E., Professor of 
Civil Engineering at the Royal Technical College, Glasgow. 

Railway Signal Engineering (Mechanical). 

By Leonard P, Lewis, of the Caledonian Railway ; 
Lecturer on Railway Signalling at the Royal Technical 
College, Glasgow. Illustmied. Demy ^vo. i^h P* 

Modern Sanitary Engineering. 

By Gilbert Thomson, M.A., F.R.S.E., M.lnst.C.E. 
Parti.: House Drainage. iiiusiratnU Demy^vo. 6/-;/w, c.s’tr 
p* 31.) 

Part II. : Sewerage. 

Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M.Inst.C.E. 

Illustrated. Demy Svo. 8/^ net. (See p. 24.) 

Surveying and Field Work. By j. wiiuamson, 

A.M.Inst.C.E. Demy Svo. yjG net. p. 29.) 

IN PREPARATION. 

Surveying and Geodesy for Engineers. My oaviu 

... .-dDcAClark, B.Sc. (Lend. Hon.), A.M.Inst.C.E., Luclurtn* on Surveying 
.J in the Royal Technical College, Glasgow. 

F'oundations. Uy w. Simpson, M.lnst.C.E. 

Earthwork. Uy J. w. F. Oardner, M.lnst.C.E. 
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C. Gray, 
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Caisson Construction. 


Municipal Engineering. 


THE ENCYCLOPEDIA OF 

MUNICIPAL AND SANITARY 
ENGINEERING. 


EDITED BY 


W. H. MAXWELL, A.M.Inst.C.E. 

liorough and IFciteinvoyAs Engineer, Tunbridge Wells Corporation, etc. 

In one volume. Cloth. Price 42/- net 
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Burnr, E. Lancaster, A.M.Inst.C.E., A.M.I. 
Mech.E., Consulting Engineer. 

Chamkkus, Sidney H., Surveyor, Hampton 
Urban District Council. ' 

Dibdin, W. J., F.LC., F.C.S., formerly Chemist 
and Superintending Gas Engineer, London 
County Council. 

Firth, Lieut. -Col. R. H., R.A.M.C. 

Fowler, Dr. Gilbert J., F.LC., Consulting 
Chemist to the Manchester Corporation 
Rivers Committee. 

Freeman, Albert C., M.S.A. 

Freeman, W. Marshall, of the Middle 
Temple, Barrister-at-Law. 

Fretwell, W. E., Lecturer on Plumbing and 
Sanitary Science, L.C.C. School of Building. 

Garfield, Joseph. A.M.Inst.C.E., Sewerage 
Engineer, Bradford. 

Hart, George A., Sewerage Engineer, Leeds. 

Hobart, H. M., M.Inst.C.E., M.I.E.E., etc. 


Jennings, Arthur Seymour, Editor of TAe 
D&comiOY, 

Jensen, Gerard J. G., C.E., Consulting 
Engineer. 

Kenwood, H. R., M.B., B.S., D.P.H., Professor 
of Hygiene and Public Health, University 
College, London. 

Latham, Frank, M.Inst.C.E., Borough 
Engineer and Surveyor, Penzance. 

Martin, Arthur J., M.Inst.C.E., Consulting 
Engineer, 

Moor, C. G., M.A., F.LC., F.C.S., Public 
Analyst for the County of Dorset and the 
Borough of Poole. 

Owens, Dr. John S., A.M.Inst.C.E. 

Partridge, W., F.I.C. 

PoRDAGE, A., Firemaster, City of Edinburgh. 

Rideal, S., D.Sc. Lond., F.I.C., F.R.San.I. 

Thresh, John C., M.D., D.Sc., Medical Officer 
of Health for the County of Essex. 

Thudichum, George, F.LC. 

Watson, John D., M.Inst.C.E., Engineer to 
the Birmingham, Tame and Rea District 
Drainage Board. 

Webber, W. H. Y., C.E., Consulting Engineer. 


Thresholds of Science. 

A NKVV SERIKS OK HANDY SCIENTIFIC TEXT-BOOKS, WRITTEN 
IN SliMI'l.E, NON-TECIINICAE LANGUAGE, AND ILLUSTRATED 
WITH NUMEROUS TICTURES AND DIAGRAMS. 

Cr. Hi'o. 2/- pir Vol. 

Mechanics. ISy c. E. Quillaume. 200 -p xiii pdgi’s. 50 fllustyations. 
Chemistry. J!y Georges Darzens. 122 J- X pages. 31 illustrations. 
Botany. J3y E. Brucker. 185 J- XV pages.. 2^^ illustrations. 
Zoology. I>y E. Brucker. 2UJ + xHi pages. 1G5 illustrations. 
Mathematics. By C. A, Laisant. 158 -p vUi pages. Over 100 

illustrations. 

Astronomy. By Camille Flammarion. 191 -p av pages. i8.f 

illustrations. 
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XJuijoYw. Exiru Cfowft 8vo, Fully lUustvuUd, 6f -' uet ectch. 

Soils and Manures. By ]. Alan Murray, B.Sc. 

The Manufacture of Papen By R. W, Sindall, F.C.S. 

Timber. By J. R. Baterden, A.M.LC.E. 

Electric Lamps. By Maurice Solomon, A.C.G. L, A.M. I.L.E. 

Textiles and their Manufacture. By Aldred Barker, M.Sc., 
Technical College, Bradford. ^ • 

The Precious Metals : comprising Gold, Silver, and Platinum, 
By Thomas K. Rose, D.Sc., of the Royal Mint 

Decorative Glass Processes. By A. L, Duthie. 

The Railway Locomotive. By Vaughan Pendred, late lulitor 
oi The Engineer. ,, r 

Iron and Steel. By H. Stansbie, B.Sc. (Lotid,), hJ.C. 

Town Gas for Lighting and Heating. By W. 11. Y. 
Webber, C.E. 

Liquid and Gaseous Fuels, and the Part they play in 
Modern Power Production, By Professor Vivian B, 
Lewes, F.I.C., F.C.S., Prof, of Chemisfery, Royal Naval College, Greenwich, 

Electric Power and Traction. JBy F. H. Davies, A.M.LE.K. 

Coal. By James Tonge, M.I.M.E., F.G.S., etc. (Lecturer on 
Mining at Victoria University, Manchester). 

India-Rubber and its Manufacture, with Chapters on 
Gutta-Percha and Balata. By H. L. Terry, IM.C., 
Assoc. InstM.M. 

The Book : Its History and Development. By CvKir, 

Davenport, F.S.A. 

Glass Manufacture. By Walter Rosenhain, Superintciulent 
of the Department of Metallurgy in the National Physical I-aboratory. 

The Law and Commercial Usage of Patents, Designs, and 
Trade Marks. By Kenneth R. Swan, B.A.(Oxon.), of the 
Inner Temple, Barrister-at-Law. 

Precious Stones. With a chapter on Artificial Stones. 
By W, Goodchild, M.B., B.Ch. 

Electro-Metallurgy. By J. B. C, Kershaw, IM.C. 

Natural Sources of Power, By Robert S. Baij., B.Sc., 
A.M.I.C.E. 

Radio-Telegraphy. By C. C. F. Monckton, M.I.F.It. 

Introduction to the Chemistry and Physics of Building 
Materials. By Alan E. Munby, M.A. (Cantab.). 

The Gas Engine. By W. J. Marshall, A.M.I.M.E., and 
Captain H. Riall Sankev, R.IL, M.I.C.E. 

Photography, By Alfred Watkins, Past-President of tiie 
Photographic Convention, 1907. 

Wood Pulp. By Charles F. Cross, B.Sc., F.I.C.. K. }. Bkvan, 
F.I.C., and R. W. Sindall, F.C.S. 

Welding and Cutting of Metals by the Aid of Gases or 
Electricity. By Dr, L. A. Grotii. 

General Foundry Practice. By William Koxbukc.h. 
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A Series of Technical Dictionaries in Six 

Languages. 


The D.=S. Series of Technical 
Dictionaries in Six Languages. 

English. Spanish. German. Russian. French. Italian. 

With each word, term# or item# so far as it is possible# a diagram# 
formula# or symbol is given, so that error or inaccuracy is 
almost impossible. 


VoL. I.— The Elements of Machinery and the Tools most frequently used 
in Working Metal and Wood. Price 5/- neit cloth ; 7/6 net, leather, 

VoL. II.— Electrical Engineering, including Telegraphy and Telephony. 
Price 25/- nct^ cloth; 30/- net^ leather. 

VoL. IIL— Steam Boilers and Steam Engines. Price iQj- net, cloth; 20/- 
net, leather. 

VoL. IV.- Internal Combustion Engines. Price S/- net, cloth ; 10/6 net, leather. 

VoL. V.— Railway Construction and Operation. Price 12/ net, cloth; 16/- 
net, leather. 

VoL. VI.- Railway Rolling Stock. Price 10/6 net, cloth ; 14/- net, leather. 

VoL. VII.— Moisting and Conveying Machinery. Price 10/6 net, cloth ; 14/- 
net, leather. 

VoL. vnr.- Reinforced Concrete in Sub« and Superstructure. Price 
OJ- net, cloth ; 8/6 net, leather. 

VoL. IX.-- Machine Tools (Metal Working; Wood Working). Price 9/- nj, 
cloth; i2j6 net, leather. 

VoL. X.— Motor Vehicles (Motor Cars, Motor Boats, Motor Air Ships, Flying 
Machines). Price 12/- net, cloth ; i6j- net, leather. 

VoL. XI.— Metallurgy. Price lojQ net, cloth ; i^j- net, leather. 

In PuKrARATioN:— Vol. XII.— Hydraulics. 

Vol. XIII.- Ironwork Construction. 

SOME PRESS OPINIONS: 

\Vc heartily recommend the work to all who have occasion to read foreign 

articles on engineering.”— 

“ The best book, or series of books, of its kind yet attempted.”- 'J he En^;uiccr. 

“ These Dictionaries arc the best of the kind yet attempted, and tlieir 

arrangement and design leave nothing to be desired. ” 

“ Anyone desiring a Technical Dictionary for a foreign language will find this 

the most comprehensive and explicit that has ever been issued .’ — Mechanical 

Detailed Prospectus post free. 
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Internal Combustion Engines 

The Internal Combustion Engine : Being a 
Text-Book on Gas, Oil, and Petrol Engines, for the 
use of Students and Engineers, imion. h'evised an d 
Enlarged. 

By H. E. Wimperis, M.A., A.M.lnst.C.E., A.M.I.E.E. 

JUustrated. Demy 8 vo. C^I 6 net. 

A Primer of the Internal Combustion Engine. 

By H. E. Wimperis, M.A., A.M.lnst.C.E., etc, a/fi nd. 

The Design and Construction of Internal 
Combustion Engines : A Handbook lor 
Designers and Builders of Gas and Oil Engines. 
By Hugo Qtildner. Translated from tlio Second Revised 
Edition, with additions on American Engines, by 
H. Diederichs, Professor of Experimental Engineering, 
Cornell University. Imperial 8 vo. Illustrated. i\'2l-net. 


The Construction and Working of Internal 
Combustion Engines. 

Being a Practical Manual for Gas Engine Designers, 
Repairers and Users. By R. E. Mathot. dTanslated by 
W. A. Tookey. Medium 8 vo. With over 35a lUustyiitions. net. 

The Diesel Engine for Land and Marine 

Purposes. Edition, revised and brought up to date, lllustiated. 

By a. P. Chalkley, B.Sc., A.M.lnst.C.E., A.I.E.E. 

Demy 8 vo. 8/6 net. 

Contents. — Introduction. General Theory of Iltiat Itngini's, with 
Special Reference to Diesel hhigines. Action find Woi'King ol 
Diesel ICnginc. Construction of the Diesid Liigimb 1 n.sifilling ;ni<l 
Running Diesel Engines. Testing Diesel Itngincs. Diesis! Itugim-'i 
for Marine Work. Construction of the Diesel Marini' ICngiiie. The 
Future of the Diesel Engine. Appendix. Index. 


Internal Combustion Engines — continued. 


High Power Gas Engines. 

By H. Dubbel. Translated, edited and expanded to include 
British Engines and Practice, by F. Weinreb. 

197 + xii pages. 436 lllustraiions. 18/- net. 

Contents : Author’s Preface. Translator’s Preface. The Cycle of the 
Gas Engine. Output and Cylinder Dimensions. The Governing of the 
Four-Cycle Engines. Valve Gear of Four-Cycle Engines. The Two- 
Cycle Engine. Valve Gears. Ignition. The Cylinders. Valves and 
their Cooling. Pistons and their Cooling. Stuffing Boxes. General 
Design of Principal parts. Calculation of the Flywheel Weight. 
Starting. Piping. 

rhc Gts Turbine. By Norman Davey. 

248 + xiv. pages. 100 Illustrations. Demy 8vo. 15/- net. 

Contents, — The Theory : General Considerations of the Gas Turbine 
as a Heat Engine. The Constant Pressure, Single-Fluid Gas Turbine. 
Mixed- Fluid Turbines; Derived Types. The “Explosion" Gas 
Turbine. The Variation in Thermodynamic Constants and its Effect 
upon Efficiency. The Practice : Accessory Machinery. Practical 
Limitations. Summary of Efficiencies and Comparison of Types. 
The History of the Gas Turbine. The Progress in Experimental 
Work. The Future of the Gas Turbine. Appendix : List of Gas 
Turbine Patents, 1850-1913. Index. 

The Gas Engine. 

By W. J. Marshall, A.M.I.M.E., and Captain H. Riall 
Sankey, /ate R.E., M.I.M.E., etc. 

Illustrated. Extra Crown 8vo. 6/- net. 

Contents. — Theory of the Gas Engine. The Otto Cycle, The Two- 
Stroke Cycle. Water Cooling of Gas Engine Parts. Ignition. 
Operating Gas Engines. Arrangement of a Gas Engine Installation, 
The Testing of Gas Engines. Governing. Gas and Gas Producers. 

The Energy-Diagram for Gas. Bv f. w. Burstaii, 

M.A., Chance Professor of Mechanical Engineering in the 
University of Birmingham. 

With Descriptive Text. ^j--net. The Diagram sold separately, 2/- net. 

American Gas-Engineering Practice. 

By M. Nisbet-Latta, Member American Gas Institute, 
M. Am.Soc.M.E. 

460 pages and 142 illustrations. Dewy 8^0. 18/- net. 

Gas Engine Design. 

By Charles Edward Lucke, Ph.D., Mechanical Engineering 
Department, Columbia University, New York City. 
Illustrated ivith numerous Designs. Demy 8vo. 12/6 net. 

Gas Engine Construction. Second Edition. 

By Henry V. A. Parsell, Jr., M.A.I.E.E., and Arthur 
J. Weed, M.E. Illustrated. 304 pages. Demy Svo. 10 16 net. 



Gas and Gas BngineS- ^-coniinueL 

Gas, Gasoline, and Oil Engines, including 
Gas Producer Plants. 

By Gardner D, Hiscox, M.E., Author of ‘‘Mechanical 
Movements,” Compressed Air,” etc, 

JUustrated. Demy 8vo. jol6net. T ^‘iG'ely rnvntft'n niiil 

hvnnght np io date. By Victor W. M.! . 

Probably the most compreheir ' ■ :: ■ ■ ' on Iho siibjtict, 

British Progress in Gas Works Plant and 

Machinery. By C. E. Brackenbury, C.E., Autho • of 

“ Modern Methods of Saving Labour in Gas Works,” 

Illustrated, Super-Royal 8vo. 6/- net. 

Town Gas and its Uses for the Production 
of Light, Heat, and Motive Power. 

By W. H. Y. Webber, C.E. 

With 71 Illustrations, Ex, Crown Suo, 61- net. 


Steam Engines, Boilers, etc. 

A Manual of the High-Speed Steam Engine. 

By H. Keay Pratt, A.M.I.Mech.E. 

About 250 pages. Illustrated. Demy 8vo. net. 

Contents: — I. Elistory and General Rcimark.s. II. Steam Cylinder'; 
and Adjuncts. HI. Valves. IV. Histon.s. V. (' ■ 

Piston-rods, Crank-shafts, etc. VJ. J-laseplaies, 

VII. Governors. VHl. Cast-iron and other details. I.\. Indicator- 
Cards and Effort Diagrams. X. Testing. XI. I-'ornidalioiiH, Pipe 
Connections, etc. XII, Practical Notes on the Whudeing of High-Speed 
Engines. XHI. A Description of Various hhigines, Inde\. 

The Modern Steam Engine : Theory, Design, 

Construction, Use. By John Richardson, M.Inst.C. B. 

With 300 Illustrations. Demy 8vo. yj6 net. 

This is a thoroughly practical text-book, but it will also commend itself 
to all who want to obtain a clear and comprehensive knowledge of the 
steam engine. 

The Una-flow Steam Engine. 

By J. Stumpf. illustrated. 10/6 net. 

Boiler Explosions, Collapses, and Mishaps. 

By E. J. Rimmer, B.Sc., etc. Demy 8vo. ^I6 n:t. 


steam Engines, Boilers, etc,— continued. 


The Steam Engine and Turbine. 

By Robert C. H. Heck, M.E. Demy Svo. 20/- net. 

Test Methods for Steam Power Plants. A refer- 

ence book for the use of Power Station Engineers, Superin- 
tendents, and Chemists. By E. H. Tenney, B.A., M.E. 

Ex, Crown Svo. S5 Illnstnitions. 10/6 net. 

' Contents Purchase and Testing of Coal. Investigation of the 
Economy of Combustion. Treating and Testing Water for Boiley-ieed 
Purposes. Evaporating Tests. Testing Prime Movers. Power Plant 
Lubricants. 

Engine Tests and Boiler Efficiencies. 

By J. Buchetti. Translated and Edited from the 3rd 

Edition by Alexander Russell, M.I.E.E., etc. 

Ilhistrated. Demy Svo. lo/G net. 

Boiler Draught. By H. Keay Pratt, A.M.I.M.E. 

Illustrated. Crown Svo. 4/- net. 

Contents Draught. Calculations relating to Air. Chimneys. Coii' 
struction. Artificial Draught. Forced Draught. Induced Draught. 
A Comparison. The Application of Mechanical Draught for Land 
Installations. The Application of Mechanical Draught in Marine 
Practice. The Chemistry of Combustion. Index. 

Marine Double-ended Boilers, by John Gray. 

Illustrated. Crown Svo. 3/6 net, ^ ^ 1 

List oI'' Tables Thicknesses and Working Pressure of hront Tube Hale 
uL wide Water Space. Top End Plates ; Surfaces supported in Square 
Inches. Combustion Chamber Plates ; Surfaces supported 111 Squaie 
Inches. Top End Plate Stays ; Surfaces supported in Square Inches. 
Comluislion Chamber Stays. Surfaces suppoited in Scjuaie Inches. 
Areas and Ciicumference of Circles in Feel and Inches. Areas of Rivets 
in Sipiare Inches. Areas of Small Circles in Square 1 ‘Ttective 

Sectional Area u( Slays. Ellective Sectional Area ol Stay lubes. Aiea 
tlirough Tubes in S([uare Inches and Square feet. ^ (jrate Area of huinaces 
in S(iuare heel. Healing Surface of Boiler Tubes in Scpiare feet. Dimeii' 
sions of Back Ibid (^f Kurnaces. Rivet S[)acitig Table. Weight of pblecl 
Plates in Pounds per Stjuare I'bot. Boiler Stay Nuts. Maximum Pitches 
(Double Bull Straps). Weight of Iron Tubes in Pounds per ImkA Run. 
Weight of Round Iron and Steel Bars per Foot Run. Miscellaneous Dula. 
Weight of Boiler (Formula). Weight of Water (horiiiula). Weight (d 
Kirebar.s. Weight of Cual. Miscellaneous Weights. Nuts lor Jhnler 
Tubes. Weight of Furnaces. 

Steam Boilers : Their History and Development. 

]3y H. M. Powles, M.I.M.E., etc. 

Illustrated. Imperial Svo, 24/- net. 

Steam Pipes : Their Design and Construction. Second 
llv W. H. Booth, Author of “ Liquid Fuel,” etc. juUtion, 

flhifify.if,'/] .K/m k/- ttef 



steam Engines, Boilers, etc.—coniinucii 


The New Steam Tables, Calculated from Professor 
Callendar’s Researches. 

By Professor C. A. M. Smith, M.Sc,, and A. Q, Warren, 
S.Sc. 4/- net. 

Experimental Researches on the Flow of 
Steam through Nozzles and Orifices, 

to which is added a note on the Flow of Hot Water. 
By a. Rateau. Crown %vo. 4/6 net. 

Superheat, Superheating, and their Control. 

By W. H. Booth, F.O.S., M.Am.Soc.C.E. 

Illustrated. Demy 8 vo. 6/- net. 


Fuel and SmoKe 

Oil Fuel Equipment for Locomotives. 

By Alfred H. Qibbiii^s, A.M.Inst.C.E. 

Demy 8 vo. lUnstvations. Tables. yjG net. 

A complete treatise on the application of oil anti the htlinijfs 
required for locomotive work. 

An Introduction to the Study ot Fuel. 

A text-book for those entering the Engineering, 
Chemical and Technical Industries. 

“ Outlines of Industrial Ciiicmlstkv.” 

By F. J. Brislee, D.Sc. Illustrated, Demy Sya. -S/fl net. 
General Chemical Principles. Weight and Volume of Air I'fvjuirtul for 
Combustion. Analysis of Fuel and Flue Gases. ('ahn'iuHMry and 
Determination of the Heating Value of a I'liol. Moasuronient (d 
High Temperatures. Pyrometry. Calculations of ( 'omhiisi ion 
Temperatures. Natural Solid Fuels. Artificial Solid Ihuds. G;is(m>us 
F uel. The Manufacture of Producer Gas and Water (ias. 'riwrory of 
the Producer Gas and Water Gas KeacLions. h'xplosinn and tlui 
Explosion Engine, Air Supply and Measurement of Drauglit. Funiacn 
Efficiency and Fuel Economy. Heat Balances, ihirnace and Boiler 
Tests. Liquid Fuels. 

Liquid Fuel and its Apparatus, r.v wiiiiam h. 

Booth, F.G.S., M.Am.Soc.C.E., Aullior of “ Liciuid Imk*! 
and its Combustion,” etc. Dony 3 vo. Price h/b net. 

Part I. — Theory and Principles. 

Part II. — Practice, 

7D Til '■n -r-v 


Puel and Smoke— continued. 


Liquid Fuel and its Combustion. 

By W. H. Booth, F.Q.5., M. Am.Soc.C.E., Author of 
“ Water Softening and Treatment,” ‘‘ Steam Pipes : 
Their Design and Construction.” 

With about 120 Illustratio 7 is and Diagratns. hnp. St/o. 24/- net. 

Smoke Prevention and Fuel Economy. 

By W. H. Booth, P.Q.S., M. Am.Soc.C.E., and J. B. C. 
Kershaw, F.I.C. 

Illustrated, Third Edition ^ revised and enlarged. Demy 8 vo. 6/- net. 

Li(][uid and Gaseous Fuels, and the Part they play 
in Modern Power Production. 

By Professor Vivian B. Lewes, F.I.C., F.C.S., Late 
Prof, of Chemistry, Royal Naval College, Greenwich. 
With 54 Illustrations. Ex. Crown Svo. 6/- net. 

Fuel, Gas and Water Analysis for Steam Users. 

By J. B. C. Kershaw, F.I.C. Illustrated. Demy 8p net. 

Coal. 

By James Tonge, M.I.M.E., F-Q.S., etc. Lecturer on 
Mining at Victoria University, Manchester. With 46 
lllnslvatiom. Ex. Crown^vo, 61- net. 


Machinery, Power Plants, etc. 

j'heory and Practice of Mechanics. 

1 >V s. E. Slocum, B.E., Ph.D. Demy 800. 442 -h xia pages. 

Illustrated with diagram etc. 15/- net. 

Dynamometers. 

J)V Rev. Frederick John Jervis«5mith, M.A., F.R.S. 
iMliled and aniplilied by Charles Vernon Boys, F.R.S. 

I iS lUus/rations. Pony Sno. i.j/~ net. 

C !( iN'i'iCN i .s : Inlroduclion. Friction. rianiinetcrs. Friction llrakc.s. 

Water Brakes. Air Brake. Magnetic Brake Dynamometer. End Thrust 
Brakes. Historical. Transmis.sion Dynainometens. Torsion Powei- 
Miaxsuring Macliines. Torsion Power- Measuring Machines by dinbrent 
Inventors. The Cradle Dynamometer. Dynamometric Tests of Motor-Car 
Engines. Model Ship I )ynamometer. 1 )ynamorr.eters u.scd in Aeronautics. 



Machinery, Power Plants, etc.—tMtUmd. 


A Handbook of Testing. 

I •“““IVISitGris.ls 

By C. a. Smith, B.Sc., A.MJ.M.E, Assoc.M.I.EJJ., 

Professor of Engineering in the University of Hong K(jng, 
late of East London College, Author of Lectures on 
Suction Gas Plants,” etc. Demy 8vo. 61- net, 

II. — Prime Movers. In pupamtion. 

Mechanical Movements, Powers, Devices and 

Appliances. By Gardner D. Hiscox, M.E., Author 

of “ Gas, Gasoline, and Oil Engines,” etc. 

Over 400 pages, 1646 Illustrations and Descriptive T'ePit, Demy 8]G net. 

Mechanical Appliances. 

Supplementary Volume to Mechanical Movements. 

By Gardner D. Hiscox, M.E. 

400 pages. About 1,000 Illustrations. Demy ^vo. 8/6 net. 

Mechanical Technology. 

By G. F. Charnock, M.Inst.C.E., M.Inst.M.E. 

Demy 8vo. 650 pages. Illustrated. 7/6 net. 

This work, designed chiefly for engineering students, deals in a rtnnpre- * 
hensive manner with the preparation and properties of the raw maUirial, 
the production of castings by taking advantage of the proptnly of 
fusibility, and the production of bars, plates, forgings, etc., by ulili.sing 
the properties of malleability and ductility. It is perhaps the most com 
plete manual on the subject in any language. 

Mechanical Engineer.-^'' This is a book for wliiclt there is a decichul 
want amongst engineering students and ■ • • . this excelleiu 

treatise leaves little for criticism but much . ■ ■ ^ ” 

Mechanical “ The author is to be congratulated iipfui lh(« pro 

duction of a work which is certain to be gratefully approciaUul by a 
circle of young engineers, while those long past their 'prentice days wUl 
find much of interest and value in the book.” 

The Elements of Mechanics of Materials. 


A Text-Book for Students in Engineering Couksks. 
ByC, E. Moujrhton, A.B., M.M.E. lUustmttd. Dmy Hvo. yic,„el. 

Forging of Iron and Steel, 


A Text-Book for the use of Students in Cdh.i.ici.e 
Secondary Schools and the ■VVoKK.snoF. 

By W. Allyn Richards. 

Demy 8vo. 337 Illustrations. Price 6/6 net. 

CoNTENTS.—Historic Use of Iron and Steel. Iron and SUud 
meat. Fuel and Fires. Drawing Down aiul Upselling, 
and Twisting.^ Splitting, Punching and Riveting, The 
Blacksmiths’ Tools. Welding. Electric, Autogenous and 
Welding. Brazing, Tool Steel. High Speed Tool SUud. 


work. Stfiam and Powpi-Tfam iTinru ( I/'ii # T 
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Machinery, Power Plants, etc. — conHmed, 


Water Softening and Treatment : Condensing 
' Plant, Feed Pumps and Heaters for Steam Users 
and Manufacturers. By W. H. Booth, F.O.S., 

M.Am.Soc.C.E. Second Edition. With Tables and many Illusiraiions. 

Demy Svo. •jjd net. 

Cranes : Their Construction, Mechanical Equipment and 
Working. 

By Anton Bottcher. Translated and supplemented with 
descriptions of English, American and Continental Practice, 
by A. Tolhausen, C.E. Illustrated. Crown 4to, 421-net. 

“ This is by far the finest general work on cranes that has ever appeared. 
It is very voluminous and illustrated, and describes all existing types.”— 
The Engineer, 

Engineering Workshops, Machines and 
Processes. 

By P. Zur Nedden. Translated by John A. Davenport. 
With an Introduction by Sir A. B. W. Kennedy, LL.D., 
F.R.S. Illustrated. Demy Svo. 61 - net. 

, Dies : Their Construction and Use for the Modern 

Working of Sheet Metals. By Joseph V. Woodworth. 
3S4 pages. Illustrated. Dsmy Svo, iijSHSt, 

Modern American Machine Tools. 

By C. H. Benjamin, Professor of Mechanical Engineering, 
Case School of Applied Science, Cleveland, Ohio, U.S.A., 
Member of American Society of Mechanical Engineers. 

With 134 Illustrations. Demy Svo. iS/- net. 

Precision Grinding. 

A Practical Book on the Use of Grinding Machinery 
FOR Machine Men. By H. Darbyshire. 

Pages via + 162. Illustrated. Demy Svo, 6j- net. 

Shop Kinks : Fourth Edition. 

A Book for Engineers and Machinists Showing Special 
Ways of doing Better, Cheap and Rapid Work. 

By Robert Qrimshaw. With 222 illustrations. Demy Svo. 10/6 net. 

Cams, and the Principles of their Construction. 

By George Jepson, Instructor in Mechanical Drawing in 

the Massachusetts Normal School. DemySvo. 81 - net. 



Machinery, Power Plants, etc—conHuml. 


The Economic and Commercial Theory of 
Heat Power-Plants. 

By Robert H. Smith, A.M.lnst.C.E., M.I.M.E., M.I.I3.E., 
etc. Prof. Em. of Engineering and Mem. Orel. Meiji. 

Numerous Diagrams. Doyal 24/- net. 

Entropy : Or, Thermodynamics from an Engineer's 

Standpoint, and the Reversibility of Thermodynamics. 

By James Swinburne, M.Inst.C.E., M.I.E.E., etc. 

Illustrated with Diagrams, Crown Bvo, 4/6 net. 

Compressed Air : Its Production, Uses 

and Applications. By Gardner D. Hiscox, Enlarged. 

M.E., Author of“ Mechanical Movements, l^owers, Devices,” 
etc. 

665 pages, 540 Illustrations and 44 Air Tables. Demy Bvo. 20/- net. 

Natural Sources of Power. 

By Robert S. Ball, B.Sc., A.M.lnst.C.E. 

With 10/^' Diagrams and Illustrations. Ex, Crown Bvo. Qj- net. 


Pumps 

Centrifugal Pumps. 

By Louis C. Loewenstein, E.E., Ph.D., and Clarence P, 
Crissey, M.E. 320 Illustrations. 18/- net. 

Contents. — Theory of Centrifugal Pumps. Consurnplion of Power ruul 
Efficiency. The Calculation of Impeller and Cuide Vanes. I )(;Hign ol 

. Important Pump Parts. Types of Centrifugal Pumps. Teiiting ol 

Centrifugal Pumps. 

Pumps and Pumping Engines ; British Pro- 
gress in. 

By Philip R. Bjbrlin^, Consulting Engineer, Author of 
“Pumps and Pump Motors; ” “ Pumps: their ConslrLictiuii 
and Management,” etc. 

Illustrated. Super-Royal Bvo. 6/- net. 



Iron, Steel, and other Metals. 


Iron, Steel, and other Metals 

An Introduction to the Study of Physical 

Metallurgy. By waiter Rosenhaln, B.A., D.Sc., 
F.R,S., Superintendent, Metallurgy Department of the 
National Physical Laboratory. With 32 Plates and 131 lUus’ 
iniiions In the Text. Demy Siw. 10/6 net. 

The Basic Open-Hearth Steel Process. 

By Carl Dichmann. Translated and Edited by Alleyne 
Reynolds. Second impression. Demy 8vo. Ntimerous Tables and 
FormvlfP. 10/6 net. 

Iron and Steel. 

An Introductory Text-Book for Engineers and 
Metallurgists. “Outlines of Industrial Chemistry.” 
By O. F. Hudson, M.Sc., A.R.C. 5 ., Lecturer on Metallo- 
graphy, Birmingham University, with a Section on 
Corrosion by Guy D. Bengough, M.A., D. 5 c., Lecturer in 
Metallurgy, Liverpool University; Investigator to the 
Corrosion Committee of the Institute of Metals. 

Demy 8vo. 6/- net. 

Forging of Iron and Steel, by w. Aiiyn Richards. 

Price 6/6 net. {See p. 14.) 

Electro-Thermal Methods of Iron and Steel 
Construction. 

By J. B. C. Kershaw, F.I.C. With an Introduction by 

Dr. J. A. Fleming, F.R.S. 239 + pai^es. 50 Tables and 92 
Diagrams and Photographs. Demy 8vo. 8/6 net. 

Malleable Cast Iron. 

By S. Jones Parsons, M.E. illustrated. Demy 8vo. 8/- net. 
CiuNTKNTs : "Melting. Moulding. Annealing. Cleaning and Straightening. 
Design. Patterns. Inspection and Testing. Supplementary Processes. 
Application, 

General Foundry Practice ; Being a Treatise on 
General Iron Founding, Job Loam Practice, Moulding, 
and Casting of Finer Metals, Practical Metallurgy in 
the Foundry, etc. By William Roxburg:h, M.R.S.A. 

With over 160 Figures and Illustrations. Extra Crown 8vo. 6/- net. 


Iron, Steel, and other Metals — continued. 

Hardening, Tempering, Annealing and 

Forging of Steel, a Treatisk on raic Practical 
Treatment and Working of High and Low Grade 
Steel. By Joseph V. Woodworth. 

288 pages. Wifh 201 Illustrations, Demy xo/~ net. 

Iron and Steel. By J. H. Stansble, B.Sc. (Loud.), F.I.C. 

With 86 Illusirations. Ex. Crown 8 vo, 6/- net. 

The Practical Mechanic’s Handbook. 

By F. E. Smith, 4/6 net. (^See p. 47.) 

Welding and Cutting of Metals by the aitl of 
Gases or Electricity. 

By Dr. L, A. Qroth. Extra Crown 8 vo, lUustvated. 0 /- net. 

The Precious Metals: Comprising Gold, Silver ami 

Platinum. By Thomas K. Rose, D.Sc., of the Huyiil 
Mint. Illustrated. Ex, Croivn 8 vo. 6/- net. 


Motor Cars and Engines 

Text-Book of Motor Car Engineering. 

By a. Graham Clarke, M.I.A.E., A.M.l.M.E. 

Vol. 1. Construction. illustrated, Demy8vo. SjO net. 
Contents: —The General Principles and Construction of the Petrol 
Engine. Details of Engine Construction. Petrol. Fiu;l.s other thrin 
Petrol. Carburetters and Carburation. Thermodyiuunic.s id’ ilu' 
Petrol Engine. Horsepower. Mechanical (Thermal and ('otnbusiion 
Efficiencies). The Principles and Construction of Coil and Accumulator 
Ignition. Magneto Ignition. Engine Control Systems. h'.ngiiie 
Cooling Systems. Crank Effort Diaga*ams. Clutches and IhaLvi. 
Change - Speed Gears. Transmission Gear. Steering (iears. 
Lubricants. Lubrication, Ball and Roller P)earing.s. ^ Phasi.is 
Construction. General Principles of the Steam (,'ar. St(‘am Rni'incs 
and Condensers. Steam Generators and Pipe 1 liagrams. 'I'ln* hiiecli ic 
Car. Materials used in Motor Car Constriu'lion. Syllahus of City and 
Guilds of London Institute in Motor Car bhigincering. hLnunina! ion 
Papers. Physical Properties of Petrols. Mathematical 'i'ahh-i and 
Constants. 

Vol. II. Design. illustrated. Demy 8vo. yjG net. In f'lefuiia/ion, 

O’Gormaii’s Motor Pocket Book. r>Y Mervy'n 

O'Qorman, M.I.M.E,, etc. Limp Leather Dinding. yjG nit. 

Motor Vehicles and Motor Boats, 

See D,-S. Technical Dictionaries in Six Languages, p. 7. 



Aeronautics. 


Aeronautics 

The Resistance of the Air and Aviation. 

Experiments conducted at the Champ-de-Mars Laboratory, 
by Q. Eiffel. Second Edition. Revised and Enlarged. Translated 
by Jerome C. Hunsaker, Assistant Naval Constructor 

United States Navy. Over 130 Illustrations and Diagrams. Royal 
^to. net. 

Dynamics of Mechanical Flight. 

By Sir Qeorp^e Greenhill (late Professor of Mathematics in 
the R.M.A., Woolwich). Demy Sm. 8j6net. 

Aircraft in Warfare : The Dawn of the F ourth Arm. 

By F. W. Lanchester, M.Inst.C.E., iVJ.Inst.A.E., Member 
Advisory Committee for Aeronautics. With Introductory 
Preface by Maj.-Qen. Sir David Henderson, K.C.B., 

Director General of Military Aeronautics. 

Illiisirated. Medium 8vo. Price net. 

Contents : — Aircraft as Constituting a New or Fourth “ Arm.” Primary 
and Secondary Functions of the Aeronautical Arm. Aeroplane versus 
Airship or Dirigible — Speed Limitations. Aeroplane and Dirigible in 
Armed Conflict. Means of Attack and Defence. Strategic and Tactical 
Uses of the Aeronautical Arm. The Strategic Scout and its Duties. 

1 )irecting Artillery Fire by Aircraft. Aircraft as Vulnerable to Gun-fire. 
Armour and Altitude as Means of Defence. Low Altitude Flying. The 
Aeroplane in a Combatant Capacity— Armour Plate. The Machine 
Gun in the Service of the Aeronautical Arm. The Fighting Type of 
Aeroplane and its Future. As Affecting the Cavalry Arm. The Prin- 
ciple of Concentration. The Value of Numerical Strength. The 
N-square Law. The Principle of Concentration — continued. The 

N-squarc Law in its Application. Applications of the N-square Law in 
Naval Warfare. British Naval Tactics in 1805. Nelson's Tactical 
Scheme — The N-square Law at Trafalgar. Attack by Aeroplane on 
Aeroplane. The Fighting Machine as a Separate Type. The Question 
of Armament -Treaty Restrictions. Importance of Rapid Fire- 
Machine Guns Multiple Mounted. Rapidity of Fire and its Measure 
Armour in its Relation to Armament. Importance of Upper “Gage’’ 
Attack Ironi Above. Armour and Shield IVotection. Gun- Are 
Ballistics -The ICnergy Account. Kxpanding and Kxplosive Bullets. 
'Theory of the Kxpanding Bullet. The Light-weight Shell. Miscel- 
laneous Weapons and Means of Offence. 'The Bomb and the Hand 
(Irenade. Bomb Dropping, Difiiculties of Aiming. Rockets, Air-borne 
Torpedoes, etc. Supremacy of the Gun against Aircraft, Aircraft in 
ihe Service of the Navy -Naval Reconnaissance. Mother-ship or 
Floating Base. Armament of the Naval Aeroplane— the Employment 
of Bombs. Ten-pedo Attack by Air. Aeroplane and Submarine— 
.Attack by Bomb. Aircraft in the Service of the NEvy—eoniinued. The 
Naval Air scoiU The Flying-Boat Type The Double Float Type. 
The Ocean-going Floating Base or Bontoon-ship. The Command of 



A eronautics—contimied. 


Aircraft in Warfare- -continued. 

the Air. Air Power as Aftectinpf Combined Tactics. Dcleat in the Air 
an Irreparable Disaster. Employment of Aircraft in Large Iloclies 
Air Tactics. An Independent Combatant Air Fleet and its DiUic^s. 
Tactical Importance of Altitude. Formation Flying—AirmanKhip ami 
Signalling. The “V” Formation and its Value. .Mrcraft Eases at 
High Altitude. The Command of the Air and its Limitations. Bel- 
ligerent Aircraft and the Rights and Obligations of NeiUrals. Other 
International Questions Relating to Aircraft. Aircnfft in Neutral 
Territory, Present Day Position — The Fourth Arm in Peace '1 iim;. 
The Flight Ground Question- -Depreciation and Obsoh'.sce.nce. nrilish 
Ascendancy in the Air. Causes which have. Contributed^ t(j British 
Ascendancy. The Advisory Committee for Aeronautics. The^ Uoyal 
Aircraft Factory. The Maintenance of British Supremacy. ^ Govern- 
ment versus Private Manufacture. Continuity of Policy - -A Scheme of 
Control. A Board of Aeronautics Advocated. Retrospect -The Scx)pe 
and Limitations of the Work. Supplementary Notes on the N sifu are 
Law. Air Raids and the Value of Numbers. A Further Note on Air- 
craft and Submarine. The Strategic Employment of Aircrad on a 
Large Scale, Air Raids — Some Questions of National Defence. Power 
of Aggression as Affected by Radius of Action. The ICxtent of the 
Danger Zone. Air Raids as Affecting the Naval Outlook. Aeronautical 
and Naval Defence Indissolubly Associated. Future of Air Bowtu*; 
Essentially a National Question. Categorical Statement of Riicoin- 
raendations for Future Policy. 

Aerial Flight. By F. W. Lanchester. iiUistraUd. 

VoL, I. — Aerodynamics. Demy Svo, 21/- net. 

VoL. IL— Aerodonetics. DemySvo. net. 

The Flying. Machine from an Engineering 

Point of View, together with a Discussion 
concerning the Theory of Sustentation aiul Ihxpciuli- 
ture of Power in Flight. 

By F. W. Lanchester, M.Inst.C.E. 

Illustrated. Dewy yi;o. 4/6 net. 

Aeroplane Patents. 

By Robert M. Neilson, Wh.Ex., F.C.1.(>.A., 

Chartered Patent Agent, etc. Dewy 8vo, .|/6 jut. 

Stability and Equilibrium of Floating Botlics. 

By Bernard C, Laws, B.Sc., A.R.C.Sc., A. M.Inst.C.E., 
M.I.N.A. 

2^0 -I- ix pages. 1^0 Illustrations. Demy 8 vo. loju mi. (hVrp. .;i.) 

Aeroplanes. 

See D,-S. Technical Dictionaries in Six Languages, Vul. X., 

p. 7. 



Marine Engineering. 


Marine Engineering 

Marine Engine Design, including the Design of 

Turning and Reversing Engines. 

By Edward M. Bragg, S.B, Crown 8vo. 8/- net. 

Stabilit)^ and Equilibrium of Floating Bodies. 

By Bernard C. Laws, B.Sc., A.R.C.Sc., A.M.Inst.C.E., 
M.I.N.A. 


2^0 iv I'ijgcs. I'jio Illustrations. Demy 8vo. lolQ net. 

Contents. — General Considerations. Ships. Amsler’s Integrator. Sub- 
marines. Floating Docks. Aircraft. Caissons. Index. 

Ship Form, Resistance, and Screw Propulsion. 

J>v G. S. Baker, MJnst. Naval Architects. 

Medium 8vo, Illustrated. i^jGnet. 

Treated from the practical point of view for the use of naval 
architects, engineers, and draughtsmen. 

CoNTiSNT.s. — Nomenclature. Sti'eam Line Motion. Skin Friction 
K’csistance. Eddy-making. Waves and Wave-making. Ship Model 
Experiments. Dimensions and Form. Curve of .\rea.s. Shape and 
I'incness (E Ends, with Parallel Body. Position of Maximum Section, 
and Relative Length of Entrance and Run. Midship Section Area 
and Shape. Level Lines and Body Plan Sections. Racing and other 
liigh Speed Ve.ssels. Appendages. Restricted Water Channels. 
Screw Propeller Nomenclature and Geometry. Theories of the Screw 
Propeller. The Elements of Propulsion. Screw Propellers in Open 
Water. Propeller Blades. FIull Efficiency, Wake and Thrust Deduc- 
tion. Main Engines-. Cavitation. Measured Mile Trials. 


Cold Storage, Heating and Ventilating on 

Plnnrrl Qliin Sydney F. Walker, R.N. 

xooara Ollip. ExtZ crown Svo. SI- net. 

The problems of cold storage and heating and ventilating are treated 
exactly as they are presented to a naval architect and marine engineer. 
Directions are given for detecting the causes of various troubles and 
remedying thorn, and, what is more important, explicit instructions are 
given for operating various types of plants, so as to avoid breakdowns. 
Comparatively little has hitherto been published on the subject. 


The Elements of Graphic Statics and ot 
General Graphic Methods. 

By W. L. Cathcart, M.Am.Soc.M.E., and J. Irvin 
Chaffee, A.M. 159 Diagrams. 12 I- net. 

This book is cle.signed for'students of marine and mechanical engineering 
and naval architecture. It reviews the principles ot graphics and their 
application both to frame structures and to mechanism. 


Marine Double-ended Boilers. 


By John Gray. illustrated. Crown Svo. 3/6 {Secp.ii.) 



M arine Engineering—ccttHnued. 


Handbook for the Care and Operation of 
Naval Machinery, 

Turbines Applied to Marine Propulsion. 

By Stanley J. Reed, A.M.InstX.E. Croxvn i\to. Over loo 
Illustrations and Diagrams. 16/- net. 

Contents, — General Properties of Steam -- Two-Stago I^attiau 
Turbine Nozzles. The General Desif^m and Arraupi^mcnl o(‘ 
Turbines. The .Design and Construction of Parsons 'rurhinc. The 
Design and Construction of Curtis Turbine. C.ombincd or Mix{Ml 
Turbines, Steam Thrust of Reaction Turbines. Superbnahitl Steam. 
Cavitation. Relative Effect of Pligli Vacua with 'rurbines and 
Reciprocating Engines. Utilisation of Auxiliary Engine ICxhau.st in 
the Turbines. Astern Turbines. 

Turbines and Hydraulics 

Ship Form, Resistance, and Screw Propulsion. 

By Q. S. Baker, M. Inst. Naval Architects. 

Medium 8vo. Illustrated. 12(6 net. (See p. ar.) 

Treated from the practical point of view for the ii.sc of naval 
architects, engineers, and draiightsinen. 

Stability and Equilibrium of Floating Bodies. ^ 

By Bernard C. Laws, B.Sc., A.R.C.5c., A.M.Inst.C.E., 
M.l.N.A. 

2^0 ix pages, 1 Itlustraiions. Demy 800. lujC} net. {Seep. .;i.) 

Hydraulics and its Applications ; A Text-book 

for Engineers and Students. By a. M. Clibson, 

D.Sc., M.lnst.C.E. 2nd edition, revised and enlarped. 

Demy Svo. 15/- net. 

" One of the most satisfactory text-books on ITydraulirs oxiant.” - 

Mt’cJufnieal World. 

Hy'drauilCS, Text-book of : Including an Outline 

of the Theory of Turbines. By L. m. Hoskin.s, 
Professor of Applied Mathematics in the Lelancl SlaiUord 
Junior University. 

Numerous Tables. Illustrated. Demy 8vo, lo/G net. 

Water Hammer in Hydraulic Pipe Lines : 

BeiNCx a TiiEORKTICAL and F.XPKKIMKNTAL iNVJir.TJOATlON OK TfIK 
or Fall of Puessuke in a Vivk Line, cauled hv the 
gradual Oil SUDDEN CLOSING OR OPENING OK A VaLVE; Willi A 

Chapter on the Speed Regulation ok Hydraulic Tuhiunp.s 

by A. !i, (libson, D.5c., M.lnst.C.E. 

Cl ii,< u Svo. 5/- net. 



Turbines and Hydraulics— continued. 


Hydroelectric Developments and Engineering. 

A Practical and Theoretical Treatise on the Develop- 
ment, Design, Construction, Equipment and Operation 
OF Hydroelectric Transmission Plants. 

By Frank Kiiester. 

21/- )U't. 

Modern Turbine Practice and Water Power 

Plants, with Terms and Symbols used in Hydraulic 
Power Engineering. 

By John Wolf Thurso, Civil and Hydraulic Engineer. 

With many Diagrams and Illustrations. Royal 16/-- nU, 

Water Pipe and Sewage Discharge Diagrams. 

By T. C. Ekin, M.Inst.C.E., M.I.M.E. (Sfsp. 31.) 


Mining 

^ Electric Mine Signalling Installations. A 

Practical Treatise on the Fitting~up and Maintenance 
of Pdectrical Signalling Apparatus in Mines. 

By Q. W, Lumniis Paterson. 

Crown Hvo. 140 Illustrations. 4/G net. [See p. 34.) 

Mining and Mine Ventilation : A Practical 
Handbook on the Physics and Chcniistry of Mining 
and Mine Ventilation. 

Bv Joseph J. Walsh. 

I'.Alrd Clown Srrn I'lice 8/6 net. 

('.nNTiCNTs : Mailer. Motion, Velocity and Force. Grtu italion. 
I.i(|iii(].s and Idipiid Fressure. Heal. Gaacs. The Harunieler. 
Spe( i(ic Heat. Mine Ventilation. E'nrniulas. Mine I'ires. 

Ap[)licatioii of Electric Power to Mines 
and Heavy Industries. 

i!v W. H. Patchell, M.Inst.C.E., M.I.M.E., M.Am.I.E.E. 

Deniv S/M. lo/h net. 

('oNTKNTs: — Electricity in Mines. Cables. Coal Cutters and Hnder- 
grniuid 1 EMails. Haulage Gears. Haling of Haulage.s. Winding 
h'.ngines. 'I'ypt^s of Electric Winders. Ventilation and Air Com- 
pnvising. Fiiinping. Holling Mills. Machine Tools and Craiu-s. 


kaiiway Engineering. 


Railway Engineering 

Railway Maintenance Engineering, 

With Notes on Construction. Bv William H. 5ellew, 
A.5.M,E., Author of “Steel Rails, their History, Rr()i)erlies, 
Strength and Manufacture,” Member of the American 
Railway Engineering Association, 

Contents — Engineering. Land. Grading. Ih’idges, '“Iresthis iiiul 
Culverts, Tics. Kails. Other Track Material Ballast. Maintaining 
Track and Right of Way. Station and Koatlway Buildings. ^ Water 
Stations. Fuel Stations. Shoi:)s and Engine lltiusCH, Icing Stations. 
Signals and Interlockers. 

Oil Fuel Equipment for Locomotives. 

By Alfred H. Qibbing's, A.M.Inst.C.E. 

Demy 8 vo. Illnstmims. Tables. 7/6 net. 

A complete treatise on the application of oil tancl the litlings 
required for locomotive work. 

Steel Rails. Their History, Properties, Strength and 

‘ Manufacture. With Notes on the Principles of Rolling 
Stock and Track Design. By William H. Sellew. 

361 Illusirations, 33 Folding Plates, 576 pages. 52/- net. 

Contents. — Development of the Present Section, Pressure of the 
Wheel on the Rail. Supports of the Rail Stresses in the Kail 
Strength of the Rail Influence ot Detail of Manufacture. Kail 
Specifications. Appendix. 

Solution of Railroad Problems by the Slitlc 
Rule, By E. R. Cary, M.Am.SX.B. 

145 pages, 43 JJiagyams. 4/6 net. 

The Practical Railway Spiral: Witli sh ort work- 
ing formulas and full tables of deflection angles. 
Complete notes of illustrative examples. 

By L. C. Jordan, B.S. 

Illustrated. GJ- net. 

Single-Phase Electric Railways, iiv e. Austin. 

Over 290 pages. j.-iG Illustrations, 21/ - net. i^Sce j). j.j.) 

Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M.Inst.C.E. Demy 8w. 8 /- net. 

“ Glasgow Text-Books of Civil Vr r’“ •; 

Contents.— Preliminary Considerations. « • Shear 

Stress. Floors and Buildings. Fouiida • , . . , Retaining 

Walls. I^ridges. Arched Bridges, Sleepers, Fence Pust.s, etc! 



Railway Engineering— continued. 


The Design of Simple Steel Bridges. 

By P. O. Q, Usborne, late R.E. 12/6 net. 

Contents. — Definitions. Bending Moments. Moments of Flexure. 
Moments of Resistance. Shear Deflection. ‘Solid Beams and 
Examples. Struts and Ties. Rivets and Joints. Rolling Loads. 
Bending Moments, Shear Stresses. Loads. Plate Girders. Bridge 
I'loors. Railways, Roads. Principles of Bridge Design. Plate Girders. 
Parallel Braced Girders. Braced Girders ( 2 ). Shop Practice and 
General Details, 

Reinforced Concrete Bridges. 

By Frederick Rings, M.S.A., M.C.I, (Seep. 26.) 

Railway Signal Engineering (Mechanical). 

By Leonard P. Lewis, of the Caledonian Railway, Glasgow. 

‘ * Glasgow Text-Books of Civil Engin eering,” Illustrated. Demy Svo. 8/~ net. 
Contents.-— Introduction. Board of Trade Rules. Classes and Uses of 
Signals. Constructional Details of Signals. Point Connections. 
Interlocking Apparatus. Signal Box Arrangements. Miscellaneous 
Apparatus. Signalling Schemes. Interlocking Tables, Diagrams, etc. 
Methods of Working “Trains. Appendix. 

Railway Terms. Spanish -English, English- Spanish, 

Dictionary of. By Andr6 Qarcia. 12/6 net. 

^ The Railway Locomotive : what it is, and Why 
it is What it is. 

By Vaughan Pendred, M.I.M.E.. M.l. & S.Inst. 

Jllusiyated. Ex. Crown 8w. 61- net. 

Railway Shop Up-to-Date. 

A reference book of American Railway Shop Practice. 

Compiled by the Editorial Staff of the “ Railway Master 
Mechanic.’* 4/t). i2\6neU 

The Field Engineer. is,th Edition, Revised and Enlarged. 

By William Findlay Shunk. Foolscap 8 vo. Leather. J 0 l 6 net. 


Reinforced Concrete and Cement 

A 'Treatise on Cement Specifications, including 

the General Use, Purchase, Storage, Inspection and Test 
Rwiuirements of Portland, Natural, Puzzolan (slag), and 
Silica (sand) Cement, and Methods of Testing and Analysis 

of Portland Cement. ^ * *i .... 

By Jerome Cochran, B.S., C.E., M.C.E. Author of 

“ Inspection of Concrete Constructionj etc. 

Demy Svo. 100 pages. Gj- net. 



Reinforced Concrete and Cement— conUmud. 


Reinforced Concrete Railway Structures. 

By J. D. W. Ball, A.M.Inst.C.E. (See p. 24.) 

Reinforced Concrete Bridges. 

By Frederick Rings, M.S.A., M.C.L, Architect and Con- 
sulting Engineer. 

Over 300 Illustrations and Diagrams, hnp. iivo. 21/- net. 

A Manual of Cement Testing. I'm- the use of 

Engineers and Chemists in Colleges and in the Field, 

By W. A. Richards, B.S. in M.E., and H. B. North, D.Sc. 

X pages. ^4 Diagrams. Demy Hvo. 6j- net. 

Manual of Reinforced Concrete and Concrete 

Block Construction. Third Edition, Rewritten and 

Enlarged^ ivith the addition of much useful information and many new T aides and 
Diagrams. 

By Charles F. Marsh, M.lnst.C.E., M.Ani.5oc.E., 
M.I.M.E., and William Dunn, F.R.l.B.A. 

Pocket size, Ihnp Morocco, 290 pages, with 52 Tables of Data and 112 
Diagrams, Price 10/6 net. 

A Concise Treatise on Reinforced Concrete : 


A Companion to “ The Reinforced Concrete 
Manual.” 

By Charles P. Marsh, M.lnst.C.E., M.Am.Soc.E., 

M.I.M.E. Demy 8vo. Ilhatralei. y/C nsi. 


Properties and Design of Reinforced Concrete. 

InSTRUCTION.S, AuTHORISEI.) METlIOnR OE CAr.CUI.ATION, ICXFKlUMENTAr, 

Results and Kepokts by the French Covkunment Cummis.sions 
ON Reinforced Concrete. 

By Nathaniel Martin, A.O.TX., B.Sc., A.M.Iast.C.B., 

Former Lecturer on Reinforced Concrete in the Royal 
West of Scotland Technical College. 8/- net. 


Reinforced Concrete Compression Member 

DlT^^rTm * Diagram giving the lo.'uling size and rciiiforue- 
‘ * ineiUs for conipression iiusmberH according to the 

data and metliods of Calculation recommended in llie Second Hepori 
of the Joint Committee on Reinforced Concrete and adopted in the 
b>raft Regulations of the London County ('ouncil. 

By Charles F. Marsh, M.lnst.C.E., M.Am.Soc.E., 
M.I.M.E. 


In Cloth Covers. Mounted on Linen, 5/. net. Unmounted, 3/G net. 

Cement, Concrete, and Bricks, iiv a. b. Scaric. 

ih'uiv Hro. lilust lilted, if h net. ( .SVr p. .pi.’) 



Reinforced Concrete and Cement— continued. 


Cement and Concrete. and Enlarged. 

By Louis Carlton Sabin, B,5., Assistant Engineer, 
Engineer Department, U.S. Army; Member of the American 
Society of Civil Engineers. Large Demy 8vo. 21/- net. 


Civil Engineering, Building 
Construction, etc. 

Civil Engineers’ Pocket Book. A Reference-Book 
for Engineers, Contractors and Students, containing 
Rules, Data Methods, Formulse and Tables. 

Hv A. 1. Frye, S.B., M.Am.S.C.E. 21 /- w/. 

A I'reatise on Cement Specifications. 

])Y Jerome Cochran, B.S., C.E., M.C.E. (Seep. 23.) 

I'hc Principles of the Application of Power 
to Road Transport, 

J'.Y H. E. Wimperis, A.M.Inst.C. E., A.M.l.E.E. lUnstyated. 

Croim 8 vo. 4/6 net. 

d'he Design of Simple Steel Bridges. 

By P. O. O. Usborne, late R.E. (Sit p. 25 .) 


'Phc Elements of Structural Design. Medium Suo. 


By Horace R. Thayer, 

Vol,. I.- B Lit ME NTS. 61 ■ mi. 

11. J )esil,n. 

Diudisscv, the design hi' sim])le striic.tiires such as beams, 
'/hiducts. Irtisses, buiUlings, sLnnd pipes, and elevated tanks. 


girders, 


Reinforced Concrete Railway Structures. 

By J. D. W. BalJ, A.M.lnst.C.E. CSff p. 24.) 


The Elastic Arch : With Special Reference to the 
Reinforced Concrete Arch. 

\)y Burton R. Leftier, Engineer of Bridges, Lake vSliore 
and Michigan Southern Railway. Diagrams and Tuhles. C)oum 
Svo. net. 



Civil Bngineering, etc. — continued. 


Practical Design of Steel-Framed Sheets. 

By Albert S. Spencer. 

Illvstrated. Royal Svo. jol6net. , , Trr* i 

Contents: — The Resistance of Steel-Framed Sheds to Wind Pen cos. 
The Standardisation of Shed Members and F'onndalions. Sheeted 
Sheds. Standard Sections for Sheds with Open Sides and (^ablc.s. 
Sheeted Roofs. Standardising of Shed Members and Foundations for 
Sheds having Slated Roofs and Briclc-panelled Walhs. Standard 
Sections for Sheds with Open Sides and Gables. Slated Kools, 
Standard Stresses and Sections for Roof Principahs, P^xternal (.over* 
ings. Gutters, Pipes, Ventilation, Doors, Windows, and Skylights. 

A Study of the Circular- Arc Bow-Girder. 

By a. H. Gibson, D.Sc., A.M.Inst.C.E., M.I.Mcch.Ij., 
and E. Q, Ritchie, B. 5 c. 

IllusiraUd. 8/G net. 

Masonry Applied to Civil Engineering. 

By F. Noel Taylor. 

Illustrated. Demy Svo. 0/- net. 

Contents : — Stones used in Constructional Work. General Remarks 
upon Masonry. Retaining Walls and Earth Pressures. Dock, IGver, 
Canal, and Sea Walls. Masonry Dams. Masonry ^llridges ami 
Arches. Masonry Towers, etc. Monolithic and Block Concrete Con- 
struction. Shoring and Under-pinning. Index. 

Foundations and Machinery Fixing. 

By Francis H. Davies, A.M.I.E.E. 21-^ net. 

Contents. — The Functions of Foundations, Nature of Soil.s and IMling. 
Trial Bores. Design of Foundations. Design. The Proportions ol 
Foundations for Engines, Turbines and Dynamo. Eleotrii' Macliiimrv. 
Materials for Foundations. Flolding Down Bolts and Aiu'hor Plates. 
Exctivation. Construction of Foundations. Vibration: Its Caiisi's and 
litfecls. Vibration. Methods of Isolating Machinery. The l-lxing 
of Electric Motors. 


Graphical Determination of Earth Slopes, 
Retaining Walls and Dams. 

By Charles Prelini, C.E., Author of “ Tunnelling.” 

De 7 ny bvo. 8 /- 7 iet, 

Tunnel Shields and the Use of Compressed 
Air in Subaqueous Works. 

By William Charles Copperthwaite, M.Inst.C.E. 

With 260 Illnstrati 07 ts and Diagiwns. Crown i\to. 31/C 7iel. 

Rainfall, Reservoirs and Water Supply. 

By Sir Alexander Binnie, M.Inst.C.E., etc. 8/fj net. ( .SV<' 

n. 



Civil Engineering, etc. — contimied. 

Modern Tunnel Practice. 

By David McNeely Stauffer, M.Am.S.C.E., M.Inst.C.E. 

With 138 Illustmtiom. Demy 8vo, 21/- net. 

Timber. 

By J. E. Baterden, Assoc. M. Inst. C.E. 

IlliistYated. Ex. Crown 8vo. 6/- net. 

Pricing of Quantities. 

Showing a Practical System of Preparing an Estimate 
FROM Bills of Quantities. By George Stephenson, 
Author of “ Repairs,” “ Quantities,” etc. Ex. Cr. 8vo. 3/6 net. 

Building in London. By Horace Cubitt, A.R.I.B.A., etc. 

A Treatise on the Law and Practice affecting the Erection and Main- 
tenance of Buildings in the Metropolis, with Special Chapters dealing 
respectively with the Cost of Building Work in and around London by 
PL J. Leaning, F.S.I., and the Valuation and Management of London 
Property by Sydney A. Smith, F.S.L : also the Statutes, Bye-laws and 
Regulations applying in London ; cross-references throughout. 

Illustrated, with Diagrams. Royal Svo. net. 

Theory and Practice of Designing. 

With numerous Illustrations. 

By Henry Adams, M.Inst.C.E., M.I.M.E. 61- net. 

“This is one of the best elementary books on the design of girders, 
roofs, and similar structures, with which we are acquainted. The subject 
is one with which the author is thoroughly an fait. . . The work 
throughout is simple and practical ; only the simplest mathematics are used, 
and this is amplified by numerous worked out examples. The arrangement 
is progressive and permits those with comparatively little knowledge of 
the subject to follow it by easy stages. . . .We recommend it heartily, 
alike as a text-book or a handy work of veievence."-- Mechanical Engineer. 


Surveying, etc. 

Adjustment of Observations by the EduiL 

Method of Least Sciuarcs : With Application to 
(leodetic Work. 

By Professor Thomas Wallace Wright, M.A., C. E., 
and John Fillmore Hayford, C.E., Chief of the Com- 
puting Staff U.S. Coast and Geodetic Survey. 

With Tables, Demy 8vo. 12/6 net. 

Surveying and Field Work. 

By J. Williamson, A.M.lnst.C.E. 

Demy Hfo. y/e net, . . , • o 

{'nNTisNTs . —Surveying. I'unclamental Principles. Chain Surveying. 
Instruments— Chain Surveyimg. Field Operations— Chain Surveying 
Funning a Survey Line-Chain Surveying. Arrangement of Survey, 



Surveying, etc*—contimicd. 


Surveying and Field Work^-couhnncd, 

Linfes — Chain Surveying. Errors -- Chain Surveying, Spei'ial 
Problems. Plotting the Plan. Compass and Sextant Surveying. _ I'hc 
Theodolite. Traverse Surveying with the Theodolite, Plotting a 
Traverse Survey by Angle and Distance, Plotting Traverse Survey by 
Co-ordinate or Latitude and Departure Method. Iriangulation. 
Some Survey, Traverse, and Triangulation Problems. Levelling, 
Errors in Levelling. Sections, Contours, &c. Setting out Curves,^ I'cc, 
Calculation of Areas. Calculation of Earthwork Quantities Adjust- 
ment of Instruments. Appendix. Geometric and Trigonometric 
Formula?, Index. 

Practical Surveying : For Surveyors' AssislaiUs iuul 
Students. By Ernest McCulIougli, C. E., Member of the 
American Society of Civil Engineers. 

Extra Cr, 8vo. 229 Illustrations, Price 8/6 net. 

Contents.— Introductory, Chain Surveying. Levelling. CoinpaHs 
Surveying. Trigonometry. Transit Surveying. Surveying Law aiul 
Practice. Engineering Surveying. Appendix. The Essentials ol 
Algebra. 

Municipal Engineering 

Water Purification and Sewage Disposal. 

By Dr, J. Tillmans, Director of the Chemical Department 
of the Municipal Institute of Hygiene, Frankfort-oh-Maine. 
Translated by Hugh S. Taylor, M.5c. Illustrated, i.pj 1 au 
pages. Demy Svo. 7/6 neti 

Sewage Disposal Works : Design, Construction 
and Maintenance. 

Being a Practical Guide to Modern Methods of Sewage 
Purification. 

By Hugh P. Raikes, M.Inst.C.E. DmyKuo. lOj- mt. 

Rainfall, Reservoirs and Water Supply. 

By Sir Alexander Binnie. 8/6 net. (Tiik Chadwick Liukakv ) 
Contents.— Rainfall. Average. Fluctaations. I’robable .Avor.igo 
Flow from the Ground. Inlen.sity of Idoods. Itvapor.ition. oiiaiiiiiv 
and Rate per Head. Quality, I lardue.ss, etc. Inipurilics. I'llimiiou, 
Sources ol Supply. Gravitation versus i’umping. Kivor.s aiul Pumping 
Works. Drainage Areas. Deductions from kninla.ll. ( ’(nn]);'ns;iti()ii,' 
Cap.Tcity of Reservoirs. Sites of Reservoirs. Puddle 'rreiiehes. (’omTete 
Irenches. Base ol Itmbankrnent. Reservoir Emlxinkinents. Pmiille 
Wall. Eormation of Embankment. Masonry Dams. Reservoir ( liilhUs. 
Idpes through Embankment. Culvert under Itinbankmenl. I'low through 
Culverts. Valve I’it. Central Stopping, 'runnel Oulittts. Syphon 
Outlets. I'Jood or Bye-channel. Waste Wa, ten 'onr.se and Waste Wenr, 
Afpieducts. Conduits. Pipes. Service Reservoir, i )islrilnili(jn. Valves. 
Meters. House J'itlings. Index. 



AI unicipal Engineering— continued. 


Refuse Disposal and Power Production. 

By W. F. Goodrich. Illustrated, Demy Svo, xSj- net. 

Small Dust Destructors for Institutional and 
Xrade Refuse. By w. f. Goodrich. lunstmuA. Dmy 

Svo. 4/- net. 

British Progress in Municipal Engineering. 

By William 11. Maxwell, A.M.lnst.C.E. 

Illustrated. Super-Royal Svo, 6/- net. 

Water Pipe and Sewage Discharge Diagrams. 

By T. C. Ekin, M.Inst.C.E., M.l.Mech.E. Folio. 61- net. 

These diagrams and tables with accompanying descriptive letterpress and 
examples are based on Kutter’s formula, with a coefficient of roughness 
of o‘oi3 and give the discharges in cubic feet per minute of every inch 
diameter of pipe from 3 to 48 inches when running full on inclinations 
from I to 15 per 1000. 

Modern Sanitary Engineering. Part I. House 

Drainage. “Glasgow Text-Books of Civil Engineering. 

By Gilbert Thomson, M.A., M.Inst.C.E. Demy Svo. 6/- net. 
Introductory. The Site and Surroundings of the House. Tli^e General 
Principles of Drainage Design. Materials for Drains. The Size or 
Drains. The Gradient of Drains. Drain Flushing Traps: Their 
I’rinciple and Efficacy. Traps : Their Number and Position. “ Dis- 
conneclions.” Intercepting Traps and Chambers. ^ Inspection Openings 
and Manholes. Soil, Waste, and Connecting Pipes. Water Qosets. 
Mushing Cisterns and JMpes. 'Urinals. Baths. Lavatory Basins. 
Sinks. Tulis, etc. Trap Ventilation. Designing a System of Drainage. 
Ihiildings of Special Class. Test and Testing. Sanitary Inspections. 
Sewage Disiiosal for Lsolated Houses, Index. 

The Encyclopaedia of Municipal and 
Sanitary Engineering. 

lulilctl by W, H. Maxwell, A.M.lnst.C.E. {Seep. 5.) 


Irrigation and Water Supply 

Water Purification and Sewage Disposal. 

I)V Dr. J. Tillmans. ( 5 r^p. 30) 

Rainlall, Reservoirs and Water Supply. 

r>Y Sir Alexander Binnie, M.Inst.C.E. Demy Sm. il/ustrated. 

Hlbnef. (See p. ^o.) 



Irrigation and Water Supply-continued. 


Irrigation : Its Principles and Practice as a Branch of 
Engineering. 

By Sir Hanbury Brown, K.C.M.Q., M.lnst.C.E. 

Second Edition, Illustrated, Demy 8 vo. 16/- net. 

Contents : — Irrigation and its Effects. Basin Irrigation, Porcnnial 
Irrigation and Water “Duty.” Sources of Supply. Dams and 
Reservoirs. Means of Drawing on the Supply. Methods of Couslructian. 
Means of Distribution. Masonry Works on Irrigation Canals. 
Methods of Distribution of Water. Assessment of Rates and 
Administration. Flood Banks and River Trainh'.g. Agricultural 
Operations and Reclamation Works. Kavigation. Api cralccr. I., 11., 
III. Index. 

Irrigation Works. 

The ‘‘Vernon Harcourt” Lectures of 1910. 

By Sir Hanbury Brown, K.C.M.G., M.lnst.C.E. 

Dewy Svo, stiff paper cover. i/~ net. 

The Practical Design of Irrigation Works. 

By W. Q. Bligh, M.lnst.C.E. Second Edition, 

Enlarged and rewritten, with over 240 Illustrations, Diugrms and Tables, 
Imp. Svo. 261 -net. 

Contents : — Retaining Walls. Dams (Section). Weirs (Section). 
Piers, Arches, Abutments and Floors. Hydraulic Formulas. Canal 
Head Works — Parti. Submerged Diversion Weirs; Part ll. Under- 
sluices ; Part III. Canal Head Regulators, Canal Falls, Canal 
Regulation Bridges and Escape Heads. Canal Cross-Drainage Works. 
Design of Channels. Reservoirs and Tanks, Screw Gear for Tank 
Sluices and Roller Gates. Appendix. 

Notes on Irrigation Works. 

By N. F* Mackenzie, Hon. M.A., Oxon. ; M.In.st.C.E. ; 

lately Under-Secretary for Irrigation to the Govcniruenl of 
India. Demy Svo. 7/6 net. 


Telegraphy and Telephony 

Telegraph Engineering. 

Bv E. Hausmann, E.E., Sc.D. 

Dcmy Svo. nj 2 Illustmt ons. 12,6 

Por practising telegraph engineers and engineerings .sLiulrnls, 
It presents in a logical manner the subjiud of inodei n land 
and submarine telegraphy from an engineering vie.wpoinl. 


Telegraphy and Telephony— contimud. 


The Propagation of Electric Currents in 
Telephone and Telegraph Conductors. 

By J.^A. Fleming, M.A., D.Sc., F.R.S., Pender Professor 
of Electrical Engineering in the University of London. 
Preface. ^ Mathematical Introduction. The Propagation of Electro- 
Magnetic Waves Along Wires. The Propagation of Simple Periodic 
Electric Currents in Telephone Cables. Telephony and Telegraphic 
Cables. The Propagation of Currents in Submarine Cables. The 
Transmission of Pligh- Frequency and Very Low-Frequency Currents 
Along Wires. Electrical Measurements and Determination of the 
Constants of Cables. Cable Calculations and Comparison of Theory 
^ with Experiment. Loaded Cables in Practice. 

Second UdiHon. Dmy 8/6 net. 

Toll Telephone Practice. 

By J. B. Theiss, B.S., LL.B., and Guy A. Joy, B,E. 

With an Introductory Chapter, By Frank F. Fowle, 
S.B. Illustrated. 

Contents. — Rural Telephone Equipment. Toll Cut-in Stations. Toll 
Positions at a Local Switchboard. Toll Switching Systems. Small 
Toll Switchboards. Multiple-Drop Toll Switchboards. Multiple- Lamp 
Toll Switchboards. Toll Connections to Local Automatic Systems. 
Supervisory Equipment and Toll Chief Operator’s Desk. Toll Wire 
Chiefs Desk. Simplex Systems. Composite Systems. Phantom 
Twines. Test and Morse Boards. Small Test Panels. Line Con- 
struction. Electrical Reactions in Telephone Lines. Cross Talk and 
Inductive Disturbances. Methods of Testing. Toll Line Maintenance. 
The Telephone Repeater. 

Radio-Telegraphy. By c. c. f. Monckton, m.i.e.e. 

With 173 Diagrtwts and Illusirations. Ex. Crown Bvo. 6/- net. 

Maxwell’s Theory and Wireless Telegraphy. 

Part I. — Maxwell’s Theory and Hertzian Oscillations, by 
H. Poincard; translated by F. K. Vreeland. Part II. — 
The Principles of Wireless Telegraphy, by F. K. Vreeland. 
Diagrams. Demy Bvo. 10/6 net. 

I'he Telegraphic Transmission of Photo- 
graphs. By T. Thorne Baker, F.C.S., F.R.P.S., A.l.E.E. 

66 Illustrations and Diagrams, Crotvn Bvo. 2/6 net. 

Public Ownership of Telephones. 

By a. N. Holcombe. 8/6 net. 

“ Wc commend this book to the notice of all interested in the study of 
tolcphnne development and administration.”— 
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Electrical Engineering 

Single-Phase Electric Railways. 

By E. Austin. 

Over 2^0 pages. Illustrations. 2\l-net. 

Contents: — The Single-Phase System, The Lomlon, BriglUon and 
South Coast Railway. The Midland Railway. TJuj Midi Railway. 
The Blankenese-EIamburg-Ohlsdorf Railway. 'Die De.ssau- Hit tori (dd 
Railway. The Murnau-Oberammergau Railway. The Mitltniwald 
Railway. The St Polten-Mariazell Railway. The Marl igniy-( )rsicr(‘s 
Railway. The Valle-Maggia Railway, The K’btntiaji Railway.^ 'riHi 
Lbtschberg-Simplon Railway. The Rottenlain-Schevoningen Railway. 
The Thamshavn-Lokken Railway. The Kjukan Kailwa.y. Tlu^ 
Swedish State Railways. The Parma Single-Pha.se 1 'ranuvM,ys, '^h{^ 
New York, New Raven, and Idartford Ihailway. Tlu* New York, 
Westchester, and Boston Jhailway, The Spokaiui and Inland Rinpin^ 
Railway. The Rock Island and Soiitlnn'n Railway. 'I'lu; Ilonsac' 
Tunnel Railway. The St. Clair Tunnel Railway. 

Overhead Transmission Lines and Distributing 
Circuits : Their Design and Construction. 

By F. Kapper. Translated by P. R. Friedlacnder, M.I.H.K. 

Crown 4/d. Illustrated. 16/- net. 

A very thorough and much needed treatise dealing exhaustively with 

this important subject. 

Contents: — Conductor Materials, Sag and 'I’ension of the I.ijuu 
Design of the Supporting Structures. Stability of Poles nnd Masts. 
The Forces on the Foundation Piece. Fi.xing the Poles in lint Clronnd. 
Concrete ami Cement I^oundation Work. I’ole Conslniclion. Ovtu*- 
head Line Insulators. Attachment of the Insulators to their J’ins 
Attachment of the Wire to the InsuhUon;. Jjjinlsand Hrancli (hmnee 
tiuns on the Whre. Arrangement of the Wiies. h'.arlhing. ('.rossing 
over I’oslal Wire.s, Railways, and R’oads. Freclion (jI Pole:; ami 
Masts. Rrecting the Wire. Rule.s and Hints for the Design ami 
Ibrection of Overhend Lines. Inslruimmts Cor Siirv(^ying .ami l .aying 
out the Route of a fdne. Surveying the R’oiite of a 'rramunission 
Line. The Most Economical Length of Span. < 'oinjiarison of (he 
various Snppoiting Structures with ReCerenee to the Minimum Animal 
Charges. Loexd Overhead Distributing Sy.sUnns, Agr<jenieii(-i with 
Contractor.s, Tools and Appliances. i<(‘gi]lations dealing with the 
Kreclion and <)peration of Overhead Lines. 

Electric Mine Signalling Installations, a 

Practical Treatise on the Kittiiifi'-up aiul Mainten- 
ance of Klcctrical Signalling Apparatus in Mines. 
By G, W. Lummis Paterson. 

Cr. ^vo. ].\ci Illustrations. .\IG net. 

Contents.— -Ringing Keys and Tappers. Electric Mining Hells, Signal 
Alarms and I'lelays, Electric Mining Indicators or Annuneialors. 
Electric Generators for Mine Signal installations. Primary HalleiFi.s 
for Signal Installations. Irieclim' Mining Shaft Signals. Ifhs lrie 
Shaft Signal Wiring. Electric ICiigine iMane Siipials. Irieclric Ifngine 
Plane Signal Wiring. Appimdix. 
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Application of Electric Power to Mines and 
Heavy Industries. 

By W. H. Patchell, M.Inst.C.E., M.Am.I.E.E. 

Dmy Svo. io/6 net, {See p. 23.) 

Transmission Line Formulas : For Electrical 

Iliiigineers and Engineering Students. 

By H. B. Dwigfht, A.M.Am.LE.E. 

1 ^3 28 Diiifrnims. 8/6 net. 

Electric Cooking, Heating, Cleaning, Etc. 

Being a Manual of Electricity in the Service of the 
Home. 

“Housewife” (Maud Lancaster). Edited by E. W. 
Lancaster, A.M.Inst.C.E., M.Inst.E.E. 

l lilts! nUeiL 33^ -\- x pages. Demy ^vo. ^IGnet, 

Electric Mechanism. Part i. 

SINGLE-PHASE COMMUTATOR MOTORS. 

By P. Greedy, A.C.Q.I., A.M.I.E.E., Assoc.Am.I.E.E. 

J)eniy 8w. 7/6 7iet. 

Switches and Switchgear. 

By R. Edler. Translated, Edited and Adapted to English 
and American Practice by Ph. Laubach, A.M.I.E.E. 

1 Hu st rated. Demy Huo. i^j- net. 

( 'oNTKNT.s.^-Cenoa'al Remarks on the Design of Switchgear. Connecting 
Leads— Cable Sockets— Connections — Copper Bars — Contact Blocks 
Holts, ('ontact Springs and Brushes — Carbon Contacts — Devices to 
Lliminale Sparking at the Main Contacts. Switches and Change-over 
Switches for Low Hressure and Medium Pressure. High 1 ‘ressure 
Swticlu^s. h'uses. Self-Acting Switches (Automatic Switchas). 
tiiarting and Regulating Kesistances —Controllers. 

I ligh and I.ow d'ension Switchgear Design. 

I’.v A. (j. CollLs, A.M.I.E.E. 

J )einy '^uo. 218 1 xiv pages, C).\ lllusiyations, 10I6 net. 

Solenoids, Electromagnets and Electro- 
magnetic Windings. 

I>Y Charles Underhill, A.M.A.I.E.E. 

pages. Cloth, 21H Illustrations. Demy Svo. Sj- net. 
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Electrical Engineer’s Pocket Book. “Foster." 

A Handbook of Useful Data for Electricians and 
Electrical Engineers. 

By Horatio A. Foster, M.A.LE.E., M.A.S.M.E. 

With the Collaboration of Eminent Specialists. 

Fifth Edition^ completely Revised and Enlarged. Pocket sm. Leather homd. 
With ihumh index. Over 1^600 pages. Illustrated. 21 f net. 

The Propagation of Electric Currents in 
Telephone and Telegraph Conductors. 

By J. A. Fleming*, M.A., D.Sc., F.R.S. {See]}. 33.) 

The Electrical Conductivity and Ionization 
Constants of Organic Compounds. 

By Heyward Sciidder, B.A., B.S., M.D. 

Royal \ivo. 568 pages. 12/- net. 

The Design of Static Transformers. 

By H. M. Hobart, B.Sc„ M.Inst.C.E. 

Demy 8vo. Over 100 Figures and Jllusiraiions. C/- net. 

Electricity : A Text-book of Applied Elec- 
tricity. By H. M. Hobart, B.Sc., M.Inst.C.E. 

With 43 Tables and 115 Illustrations. Demy 8vo. 208 -p .v/.v pages. G/~ ?/et. 

Pleavy Electrical Engineering. 

By H. M. Hobart, B.Sc., M.Inst.C.E. 

Illustrated with Diagrams, etc. Demy 8vo. x6/- net. 

Electric Railway Engineering, 

By H. F, Parshall, M.Inst.C.E., etc., and H. M. Hobart, 

B.Sc., M.Inst.C.E. pages ani nearly Coo Diagrams and Tables. 
Imp, Sw. 42/-- 

American Electric Central Station Distri- 
bution Systems. 

By Harry Barnes Gear, A.M.A.I.E.E., and Paul Francis 
Williams, A. M.A.LE.E. 

Illustraiede Demy 8vo. 12/- net. 
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Electric Railways : Theoretically and Prac- 
tically Treated. 

lUusiyatcd with Numerous Diagrams, Demy Zvo, Price io/6 net each volume. 
Sold separately. 

By Sidney W. Ashe, B.S., Department of Electrical 
Engineering, Polytechnic Institute of Brooklyn, and 
J. D. Keiley, Assistant Electrical Engineer, N.Y.C. and 
H.R.R.R. 

VoL. E— Rolling Stock. 

VoL, 11 .— Engineering Preliminaries and Direct-Current Sub- 
Stations. 

Electric Lamps. 

By Maurice Solomon, A.M.l.E.E, 6 /- net. 

Hydroelectric Developments arid Engineering. 

A Practical and Theoretical Treatise on the Develop- 
ment, Design, Construction, Equipment and Operation 
OF Hydroelectric Transmission Plants. 

By Frank Koester, Author of Steam - Electric Power 
Plants.*’ 479 pdide. 500 lllustraiions, 45 Tables. Imperial Zvo. 
21/-" net. 

Steam-Electric Power Plants. 

A Practical Treatise on the Design of Central Light 
and Power Stations and their Economical Con- 
struction and Operation. 

By Frank Koester. pages. Illustrated. Cy. 4to. Q.ij-'Het, 

Electric Power and Traction. 

By F. H. Davies, A.M.l.E.E. 

With 06 Illustraiions. Ex, Crozvn Svo, 6/- net. 

Industrial Electrical Measuring Instruments. 

By Kenelm Edgeumbe, A.M.Inst.C.E., M.I.E.E. 

240 pages. 126 Illustrations. Demy Zvo. 8/- net. 

Laboratory and Factory Tests in Electrical 
Engineering. 

By George F. Sever and Fitzhugh Townsend. 

Second Edition. Thoroughly revised. 282 pages. Demy Zvo. 10/6 net. 

The Theory of Electric Cables and Net- 
works. By Alexander Russell, M.A., D.Sc. 

Illustrated. Demy Svo. 8/- net. 

Testing Electrical Machinery. 

By J. H. Morecroft and F. W. Hehre. 61 - net. 



Electrical Engineering— eontimied 

Continuous Current Engineering. 

By Alfred Hay, D.Sc., M.LE.E. Second Edit'um. 

About ^^0 pages. Illustrated. Demy Zvo. 

A new and revised edition of this popular text-book. 

Direct and Alternating Current Testing. 

By Frederick Bedell, Ph.D., Professor of Applied Electricity, 
Cornell University. Assisted by Clarence A. Pierce, Ph.D. 
Enlarged and Revised Edition. Demy %vq. Illustrated. 8/- net. 

“ It will be found useful by teachers, students, and electrical engineers 
in general practice ." — Electrical Engineer, 

Internal Wiring of Buildings. 

By H. M. Leaf, M.I.M.E., etc- 2nd Edition. Crown Bvn, ^iGnet. 

Searchlights : Their Theory, Construction 
and Application. 

By P. Nerz. Translated from the German by Charles 
Rodg^ers. illustrated. Royal %vo. 7/6 7 Ut. 

Electric Wiremen’s Manuals. fiVfp. .u 


Electro-Chemistry, etc. 

Experimental Electro-Chemistry. 

By N- Monroe Hopkins, Ph.D., Awssistant Profes.sor^ ol 
Chemistry in The George VVasliington Univorsiiy, 
Washington, D.C. 

With 130 lUusirations, Demy 8 vo. 12 j- net. 

Electro-Metallurgy. 

ByJ. B. C. Kershaw, F.LC. 

With 61 Illustrations. Ex. Crown Svo. G/- net. 

Electric Furnaces. By j. wright. 

New 2nd Edition ^ Revised and Enlarged. With Gy Illustrations. Demy Hi'i). S/G net. 

Contents: — Introductory and General. ICfliciency of the h'lec.irii' 
Furnace. Arc Furnaces. Resistance I'urnacea. Carhkle JTirnace.s, 
Smelting and Ore Reduction in the Electric Furnace. i)Ls.- 
tillation of Metals. Electrolytic Furnaces. LabtuMiory 
and Dental Muffles. Tube Furnaces. Glass Manufacture in the I'.lectnc 
ETirnace, Electrodes and Terminal Connections. I'urnace 'riiennonictry. 

Lighting 

Electric Lamps. 

By Maurice Solomon, A.C.Q.I., A.M.I.E.E. 


Lighting-continued. 


The Art of Illumination. 

By Louis Bell, Ph.D,, M.A.l.E.E. 

Ilhistyated. 345 pages. Demy 8w. 10/6 net. 

Town Gas and its Uses for the Production 
of Light, Heat, and Motive Power. 

By W. H. Y. Webber, C.E. 

I'Vlih 71 lilusfrtliions. Ex. Crown 8 vo. 6/- uet. 


Thermodynamics 

Entropy ; Or, Thermodynamics from an Engineer’s 

Standpoint, and the Reversibility of Thermodynamics. 

By James Swinburne, M.Inst.C.E., M.I.E.E., etc. 

lUiistraied ivith Diagrams. Crown Svo. 4/6 net. 

Applied Thermodynamics for Engineers. 

By William D, Ennis, M.E., M.Am.Soc.M-E.,Bi^ofessor 
of Mechanical Engineering in the Polytechnic Institute of 
Brooklyn. With 316 Illustrations. Royal 8u<?, 21/- net. 

Technical Thermodynamics. 

By Dr. Gustav Zeunen First English Edition. From 
the fifth complete and revised edition of ^‘Grundzuge der 
Mechanischen Warmetheorie.” 

VoL. 1 . — Funrlamental Laws of Thermodynamics ; Theory of Gases. 
VoL. 1 1 . — The Theory of Vapours. 

Authorised translation by J. F. Klein, D.E., Professor of 
Mechanical V. • "^.^ehigh University. 

llhistraicii, 2 vo . ■ ■ 36/- net. 

A I'ext-Book of Thermodynamics (with special 
reference to Chemistry). 

By J. R. Partington, M.Sc., of the University of Manchester. 

fj.pi 1 X pages. Diagrams. Demy 8 vo. 14/- «r/. 

Experimental and Theoretical Applications 
of Thermodynamics to Chemistry. 

By Professor Walter Nernst, University of Berlin. 

Ex. Crown Hvo. 5/- net. 

Principles of Thermodynamics. 

r>V G. A. Ooodenoug-h, M.E. Sewnd Edition, h'erir.cd. Price 14/ net. 
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Physics and Chemistry 

Some Fundamental Problems of Chemistry, 
Old and New. 

By E. A. Letts, D.Sc., Professor of Chemistry in the yucen’s 
University, Belfast. Demy Svo, 22^ xiii pa^ii'cs. Illusiyaiions, 

yl6 net. 

The Silicates in Chemistry and Commerce. 

By Drs- W: and D. Asch. Translated with critical notes 
and some additions by A. B. Searle. 

400 -f XX pages. Royal Zvo. 21/- net. 

Contents The Chemistry of Carbon and Silicon. Historical Ktjviow 
of Existing Theories concerning the Constitution of the Alumino- 
silicates and other Silicates. Critical Examination of JCxisling 'riuu)rj(u> 
concerning Alumino-silicates. A Flypothesis concerning the Uoiuling 
of the Atoms in Alumino-silicates and Allied Compounds. 'l'h(5 C.on- 
sequences of the “ Hexite-Pentite Theory,’' and the Facts: (I.) The 
Reactions during Double Decomposition ; (II.) The Cenetic Relation- 
ship between the various Alumino-silicates ; (III.) The I’ossibility of a 
Chemical System of Alumino-silicates; (IV.) The VariableCheini oal 
Behaviour of part of the Aluminium in Kaolin, Nephelinc, and in tlui 
Epidotes ; (V.) The Minimum Molecular Weight of Alumino-silieatc's ; 
(VI,) The Constitution of Andesite ; ’ (VII ) The Possibility of 
Isomerism; (VIII.) Water of Crystallisation and of Cx)nstitiUion : 
Basic and Acid Water ; (IX.) Prognoses; (X.) The ('onstituti()n of tlu' 
Complexes of Molybdenum and Tungsten; (XI.) 'fhe Constitution o( 
Clays; (XII.) Ultramarines; (XIII.) A New Theory of Jlydraulit! 
Binding Materials and particularly of Portland Cements ; (XIV.) A 
New Theory of the Porcelain Cements as used for Dental iMllings ; 
(XV.) A New Theory of Glass, Glazes, and I’orcelnin ; (XVI.) Tin* 
Flexite-Pentite Theory as a General Theory of Cdiemit’al (h)m|iounds. 
The Conversion of the FTP. Theory into a Stereo-cliemii'al 'I'ln^orv a, ml 
the combination of the latter with the modern theory of tlu^ Slrueiun' 
of Crystals. Summary and Conclusions. Bibljogra])hy of ndereiiees 
mentioned in Text. Appendix. Formulae and Analyses. Bibliography 
of references in Appendix. 

Industrial Chemistry : A Manual for the Student aiul 

Manufacturer. Second Edition, Revised and Enlarged. 

Edited by Allen Rog*ers, in charge of Industrial ClKunislry, 
Pratt Institute, Brooklyn, N.Y.; and Alfred B. AubciT, 
formerly Professor of Chemistry in the University of Maine;, 
in collaboration with many experts, containing 3.jo illus- 
trations. Royal 8vo. 2^;/- net. 

Contents: — General ITocesses. Materials of Construction. Water for 
Industrial Purposes. Fluids. Producer Gas. Power Transmission, 
Boilers, Engines and Motors. Sulphuric Acid. Nitric Acid. Salt 
and Flydrochloric Acid. Commercial Chemicals. Chlorine ami Allicul 
Products. Electrochemical Industries. Lime, Cement and Plasl( 5 r. 
Clay, Bricks and Pottery. Glass., Dutch ITocc.ss Wliite T.ead. 
Sublimed While Lead. Pigments, Oils and Paints. The MelalUirgy 
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Industrial Chemistry— continued. 

of Iron and Steel. Fertilizers. Illuminating Gas. Coal Tar and its 
Distillation Products. The Petroleum Industry. The Destru^ve 
Distillation of Wood. Oils, Fats and Waxes, Lubricating Oils. 
Soaps, Glycerine and Candles. Laundering. Essential Oils, Synmetic 
Perfumes, and Flavouring Materials. Resins, Oleo-R^ms. Gum- 
Keains and Gums. Varnish. Sugar. Starch, Glucose, D ex trm ana 
Gluten. Brewing and Malting. Wine Making. Distilled Liquors. 
Textiles. Dyestuffs and Their Application. The Art of tap^ Maki g. 
rCxplosives. Leather. Vegetable Tanning Materials. Glue ana 
Gelatine, Casein. 

'.i'hc Application of Physico-Chemical 
'Pheory to Technical Processes and 
Manufacturing Methods. 

liY Dr. R. Kremann. Translated by H. E. Potts, M.Sc. 

Demy Hi'd. 8/6 net. (See p. 48.) 

An Introduction to the Study of Physical 

Metallurgy. By waiter Rosenhaln, B.A., D.Sc., 

F.R.S. 350 + 1^0 Illustrations. Demy ^vo. net. 

CoNTiCNTS :--Thc Structure and Constitution of Metals and Alloys. The 
■ Microscopic Examination of Metals. 

The MiciWstruclure of Pure Metals and of Alloys. The Ihernml Stu 

... ..... 1 I’N.' 1- 


10 uieir oLiuuLUic 

M’m'liiiiVit-al Tesliny: (i( Metals. The Mechanical Testing of Metals [conU.]. 
The kIIm of Strain on the Structure of Metals The Thecal Treatrnenl 
Ilf Melals. The Mechanical Treatment of Metals, including Casing. 
Defects and Failures in Metals and Alloys, 

M'he Chemistry and Technology of Printing 
Inks. 

By Norman Underwood and Thomas V. Sullivan. 

lilnliiim ‘Sw. 12/0 net. 

Problems in Physical Chemistry. With Practical 

B^^R-^^Prideaux, M.A., D.Sc., with a Preface by 
F. O. Donnan, M.A., Ph.D., F.R.S. 

Chemical Theory and Calculations : An 

lilementary Text-book. . • • \ 

By Forsyth J. Wilson, D.Sc. (Edin.) Ph.D. (Leipzig), 
and Isodor M. Heilbron, Ph.D. (Leipzig), F.I.C., 
A.R.T.C. 216 net. 
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Electric Arc Phenomena. 

By E, Rasch. Translated by K. Tornhcrg, 

Demy Svo, 52 Illustrations, S/6 net. 

Contents : — General Outline of Electric Arc Phenomena. "Fyiiiciil Carl on 
Arc. Electrode Materials and their Phy.sical Pn)])ci’ties. 'I'lieoiy of 
Electric Discharges throiiirh Gasc.s. Spark Discharges. Kni[)inciil KtJMills. 
Voltage and Current Conditions in the Arc. Distiihulioii of Energy in 
the Arc. Efficiency of Commercial Types of Arc. 

Theory of Measurements. 

By James S. Stevens, Professor of Physics in the Univtir- 
sity of Maine. Ex, Cr. 8?;^. c/ - net, 

A manual for students in phy.sics designed for use either as a U'Xl hook as 
a laboratory guide. 

Chemical Calculations. 

By R. Harman Ashley, Ph.D. Ex, Crown Hvo. S/C) net. 
Content.?: — Ratios. A])proximate Numb-rs. Interpolation. Heal. 
Specific Gravity. Gas Calculations. Calculalit>n of Atomic Weights and 
Formulas. Gravimetric Analy.sis. Volumetric Analysis, Use of Spccilit: 
Gravity Tables and Acid Calculations. 

Atoms. By Jean Perrin. Translated by D. LI. Hammick. 

Demy Svo. iG Illustrations. 5/- net. 

CON'i'EN'is : — Chemistry and the Atomic Theory. Molecular Agitation. 
The Brownian Movement— Emulsions, 7'he Laws of the Hrownian Mo\'c- 
ment. Fluctuations. Light and (Quanta. 7'he Atom of Electricity, 7‘he 
Genesis and Destruction of Atoms. IndcK. 

The Universe and the Atom. 

The Ether Constitution, Creation and vStructure of Atoms, 
Gravitation, and Electricity, Kinetically J^xplained, 

By Marion Erwin, C.E. Demy Svo. illustrated. S/C^net. 
Contents.— Fart L, Finst Principles, Part IL, The Pan (fyole 
Hypothesis ; Invi.sible Composition Light Wave.s, the Warp and Woof 
of the Ether Structure and of All 77ungs Material. 

Radio-Activity and Geology. 

By John Joly, M.A., Sc.D., F.K.S., Professor of Geology 
and Mineralogy in the University of Dublin, 

Croivn Svo. 7/6 net. 

The Corpuscular Theory of Matter. 

By Sir J. J. Thomson, M.A., F.R.S., D.Sc., LL.l)., Ph.D., 

Professor of Experimental Physics, Cambridge, and I ’ro- 
fessor of Natural Philosophy at the Royal Institution, 
London. Demy Svo. yl6 net. 

Electricity and Matter. 

By 5ir J. J. Thomson, M.A., F.R.S., D.Sc., LC D., Ph.D. 

Crown Svo. 5/- net. 
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The Discharge of Electricity through Gases. 

By Sir J. J. Thomson, M.A., P.R.S., D.Sc., LL.D., Ph.D. 

Crown Svo, 4/6 net. 

The Electrical Nature of Matter and. Radio- 
activity. 

By H. C. Jones, Professor of Physical Chemistry in the 
Johns Hopkins University. 

Second luUiion, Revised and largely rewritten. Demy ^vo, S/- net. 

The Theory of Ionization of Gases by 
Collision. 

By John S. Townsend, M.A., F.R.5., Wykeham Pro- 
fessor of Physics in the University of Oxford. 

Crown 3/6 net, 

Radio-Active Transformations. 

By Ernest Rutherford, F.R.S., Professor of Physics at 
the McGill University, Montreal, Canada. 

I lln strafed. Demy Hvo. 16/” net. 


Principles of Microscopy. 

Being an Introduction to Work with the Microscope. 

By Sir A. B. V/rig:ht, M.D., F.R.S., D.5c., Dublin, 
(Honoris Causa), F.R.C.S.I. (Hon.). 

IVith miiny Illustrations and Coloured Plates. Super Royal 8 vo. 21/ ne . 


I'.xpcrimcntal and Theoretical Applications 
of 'j'hermodynamics to Chemistry. 

l!v Professor Walter Nernst, University of Beilin. 

R\. ('ftiwn 8v(j. 5/ uet. 

Vapours for Heat Engines. 

By William D. Ennis, M.E., _M. Am-Soc-A-l.E., P^fessor 
of Mechanical Engineering m the Polytechnic Institute 
of Ih-ooklyn, Author of “Applied Thermotlyiianucs lor 
Engineers,” etc. 

n7M 21 Valdes and 17 Illustrations. Demy 8vo. Oj-net. 


'The 1 lydrogenation of Oils, Cataly/xrs and Cata- 
lysis and the Generation of Hydrogen. 

llv Carleton Ellis, S.B. 

^p. 1 \ \.\r^ llhislratians. I\oyal>^?'o. lia-uct. 
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A Text-Book of Physics. 

By H. E, Hurst, B.A., B.Sc., Hertford College, Oxford, 
late Demonstrator in Physics in the University Museum, 
Oxford, and R. T. Lattey, M.A., Royal Naval College, 
Dartmouth, late Demonstrator in Physics in the 
University Museum, Oxford. 

Ilkistrations and Diagrams. Dmy 8 vo, 8/6 net. 

Now published also in three volumes, at the request ol many 
teachers. Each part is sold separately. 

Part I. — Dynamics and Heat. 3/^5 net. 

Part II. — Light and Sound. net. 

Part III. — Magnetism and Electricity, ■ net. 

Introduction to the Chemistry and Physics 
of Building Materials. 

By Alan E. Munby, M. A. (Cantab.). Extm Crown 8 vo. Oj- net. 

Exercises in Physical Chemistry. 

By Dr. W. A. Roth, Professor of Chemistry in llie 
University of Greifswald. Authorised Translation l)y 
A. T. Cameron, M.A., B.Sc., of the University of 
Manitoba, illustrated. Demy 8 vo. 6/- net. 

The Chemistry of Paints and Paint Vehicles. 

By C. H. Hall, B.S. Crown Svo. 8/~ net. 

Liquid Air and the Liquefaction of Gases. 

By T. O'Conor Sloane, M.A., M.E., Ph.D. 

Illustrated, Demy Svo. xo /6 net. 

Chemical Re-agents : Their Purity and Tests. 

A New and Improved Text, Based on and KicPLAciN(i 
the Latest Edition of Krauch’s Manual. 

By E. Merck. Translated by H. Schenck. 'zso pages. Demy 
Svo. 6/- net. 

Van Nostrand’s Chemical Annual. 

A Handbook of Useful Data for Analytical, Manu- 
facturing, AND Investigating Chemists, and Chemical 
Students. 

Edited by John C. Olsen, M.A., Ph.D., Professor of 
Analytical Chemistry, Polytechnic Institute, Brooklyn ; 
with the co-operation of Eminent Chemists. Nearly loo Tables. 
Crown Svo. 12/6 net. 
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Text-Book of Elementary Chemistry. 

By F, Mollwo Perkin, Ph.D., F.I.C., F.C.S., and 
Eleanor M. Jaggers. 

Jlliistrafed. Crown 8 vo. ^j-neL 

Contents: — Examination of Water. Metric System. Distillation, 
Thermometers. Freezing Points. Boiling Points. Melting Points. 
The Atmosphere. Chemical Properties of the Atmosphere, Chemical 
ProperUes of Water. Elydrogen and Oxygen. Quantitative Examina- 
tion of Chalk. Carbon and its Oxides and Compounds with Hydrogen. 
Flame and Combustion. Compounds of Nitrogen. Hydrochloric 
Acid and the Halogens. Sulphur and its Compounds. Phosphorus 
and Phosphorus Compounds. The Metals. Appendix. Index. 

Practical Methods of Inorganic Chemistry. 

By F. Mollwo Perkin, Ph.D. 

Illustrated. Crown 8 vo. 2/6 net. 

Contemporary Chemistry. 

By E. E. Fournier D’AIbe, B.Sc., A.R.C.S., M.R.I.A., 

Author of “The Electron Theory,’' etc. 

A New Era in Chemistry: Some of the more 
important developments in general chemistry during 
the last quarter of a century. 
r>v Harry C. Jones. 

pb I .\’ii Ex, Crown Svo. 8/6 

'J'hc Identification of Organic Compounds. 

Bv Q. B. Neave, M.A., D.Sc., and I. M. Heilbron, Ph.D., 
F.I.C., etc. Crowi 8 vo. 4/- net. 

Detection of Common Food Adulterants. 

By Prof. E. M. Bruce. Crown Svo. 51-Het. 

A handbook for health ofiicers, food inspectors, chemistry teachers and 
students. 

'fhe Chemistry of Dyeing and Bleaching of 
Vegetable Fibrous Materials. 

By Julius Htibner, M.Sc.Tech., F.l.C, 

iJmv 8 vo. lUiisfrated. 

CoNTicNTB : -The Vegetable Fibres. Water. Chemicals and Mordants, 
lllencliing. Mercerising. Mineral Colours. The Natural (T)louri ng 
Malters. Uasic Cotton Dyestuffs. Substantive Cotton Dyestuffs. 
Sulphur Dyestuffs. Acid and Resorcine Dyestuffs. Insoluble Azo- 
Ccdour.s, produced on the fibre. The Vat Dyestuffs. Mordant Dye- 
.slud's. Colours produced on the fibre by Oxidation. Dyeing 
Machinery. Estimation of the Value of Dyestufls. Appendix. Index. 



Physics and Chemistry— -coHiimuiL 
Chemistry of the Oil Industries. 

By J. E. 5outhcombe, M.Sc., Lecturer on Oils and Fats, 
Royal Salford Technical Institute, etc. 7/C !’• ) 

The Chemistry of the Coal Tar Dyes. 

By Irving W. Fay, Ph.D. (Berlin). 

Demy 8vo. 470 pages, i6/~ net. 

The Chemistry of the Rubber Industry. 

By Harold E. Potts, M.Sc. Member Intcrnationfil Kiibber 
Testing Committee. Demy Sw. lUusiruted, 5/ mi, Sccidid 
Impression, 

Contents: — The Colloidal State. Raw Rubber. Chilla-rurrlia and 
Balata. Mixing. Vulcanisation, History. VulcaniHiul hbilibur. 

The Colloidal and Crystalloidal State of 

Matter. 

By H. E. Potts, M.Sc., and W. J. Breitland. 'rriiuiihiitid 
from the German of Professor P. Rohland. 

Illustrated, Crown Svo. 4/'- net. 

The Nitrocellulose Industry. 

By Edward Chatincey Warden, Ph.C., M.A., F.C.S, 

2 vols, 1,240 pages. 324 Illusiratmis. Sm. net, 

A compendium of the history, chemistry, manufacLuro, roinnuucial 
application and analysis of nitrates, acetates and Xantbaies of (Tdlulose as 
applied to the peaceful arts, with a chapter on gun cotton, sinokelo:,*, 
powder and explosive cellulose nitrates. 

Materials for Permanent Painting. 

By M. Toch, F.C.S. 

Frontispiece in Colour and other Illusirutions, Crown Sfo. y/fi net, 

A manual for manufacturers, art dealers, artists aud < olI.M-tur;;, 
explaining the composition of the materials used iu paiuiiuij;. 

Cement, Concrete, and bricks, 'I'lic 
Chemistry of. by a. b. scaric. 

Demy Svo. Illustraicd. 10/6 mi. 

Contents The Raw Materials (or (TMueiits. Meilmds nf t'cmmi M.nm 
hicturc. The Cliemioal and Physical Changes in ( 'eiuciit'.. The ( li.tiiiM-, 
which occur iu Setting and Hardening. dVsiing i),,- . of ( rninu . 

The Components of Concrete and their Propet lie:.. 'Pin* Pirpami i-m oj 
C'.oncrete. Reinforced (Tmcrete. Special Properties o( ( 'oiu roU;. 'Ik siin,. 
C’oncrelc. 't he Raw Materials for Itricks. Method-, ol Pi iekmakiiip 
^Phe Clicinicai mid other Changes in Drying and Pnniing Ptieks. 'I'h’e' 
Properties ol Pricks. Siliceous Pricks. P'asieand Neutral ihieks. Iiide.x. 



Mathematics. 


Mathematics 

I'he Theory of Proportion. 

] 5y M. J. M. Hill, M.A., LL.D., Sc.D., RR.S. 

8w. 10^ xli pages, Figures, ^j-net. 

C'ONTiCNTH : — Magnitudes of the same Kind. Propositions relating to 
Magnitudes and their Multiples. The Relations between Multiples of the 
same Magnitude. Commensurable Magnitudes. Magnitudes of the sanie 
Kind which are not Multiples of the same Magnitude. Incommensurable 
Magnitudes. Extension of the Idea of Number. On the Ratios of Magni- 
tudc.s which have no Common Measure, Properties of Equal Ratios, 
h'irst Croup of Propositions. Second Group of Propositions. I'hird Group 
of Propositions — Geometrical Applications of Stolz’s Theorem. Further 
Remarks on Irrational Numbers. The Existence of the Fourth Proportional, 
Commentary on the Fifth Book of Euclid's Elements. 


The Calculus and its Applications. A Practical 
Treatise for Beginners, especially Engineering 
Students. With over 400 examples, many of them 
fully worked out. 

By Robert Gordon Blaine> M.E., A.M.Inst.C.E., 

Formerly Lecturer at the City Guilds’ Technical College. 
Author of “Lessons in Practical Mechanics,” “The Slide 
Rule,” etc. Crown ^vo. ^\l6net. 

Integration by Trigonometric and Imaginary 

Substitution. By Charles O. Qunther, with an 
Introduction by J. Burkett Webb, C.E. Demy Svo, 5/- net. 

Mathematics for the Practical Man. 


By George Howe, M.E. 

Crown Svo. si- net, , ^ 

A short work explaining all the elements of Algebra, Geometiy, 
Trigonometry, Logarithms, Co-ordinate Geometry, and Calculus. 

Quaternions, as the Result of Algebraic 
Operations. 

By Arthur Latham Baker, Ph.D. 

lix. Cronm Svo. C/- net. 

M'hc Practical Mechanic’s Handbook. 


By F. H. Smith, net. , .m . i 

(htNTKNTs: — Arithmetic. Arithmetical Signs and Characteis and 
I'snhination oi' Solving Fonnula. Mensuration. How the Dimensions, 
Mi'asiireiiumts, and Weight of Different Shaped Vessels are hound. 
The Primary or Simple Machines. Strength of Materials and Questions 
Relating to Stress. 



Manufacture and Industries 

Manufacture and Industries 

Purchasing : Its Economic Aspects and Propei- 
Methods. 

By H, B. Twyford, of the Otis Elevator Company. 

II 2 Charts, Biagrams and Forms. Large Demy Hvo, 252 pp. net. 

The subject is treated as only an experienced hu3'cr could tvent it, and it 
deals with purchases in practically all lines of business. 'Hie author (pioleH 
an experienced business man as saying that “ successful foundation for new 
enterprises, the growth of established undertakings, and llieir accretion to • 
their resources is in a large measuie dependent on the iniporlaiK'e altacheil 
to, and the careful thought given to, the expenditure of all money for capital 
purposes, production, and supplies.” To set foith at least the gem*rul prin- 
ciples of this successful purchasing is the task which the anihor has set 
himself. 

Applications of Physico-Chemical I’lieory to 
Technical Processes and Manufacturing 
Methods. 

By Dr. R. Kremann. Translated into English and edited 
by H. E. Potts, M.Sc. Demy Svo. ti/G net. 

Contents: — The Two Fundamental Laws of the Mechanical Theory 
of I-Ieat. Reaction-Velocity and Catalytes. Other Special Apj)!!- ^ 

cations of the Law of Mass Action. The Influence of Temperaturt^ 
on the Equilibrium-Constant. Dissociation Pressure. Application 
of the Phase Rule, The Application of the Phase Rule to Solid-Litjuicl 
Systems. Transformation Phenomena in I-Iydraulic l.hiuling Agents. 
Other Applications of the Phase Rule, The l)islribution Law. 
Adsorption Compounds, Reciprocal Pairs of Salts. 

Chemistry of the Oil Industries. 

By J. E. Southcombe, M.Sc., Lecturer on Oils and I'al.s, 
Royal Salford Technical Institute, etc. 7/6 ftei. 

‘‘ Outlines op Industrial Chemistry.’' 

Contents Preface. Introductory Organic Chemistry. Mineral Oils. 
Petroleum and Shale. Mineral Oil Refining. NatuVal Sources and 
Methods of Preparation of the Saponifiable Oils and bats, Iinpnrilics 
occurring in Crude Oils and Pals and the Technical Methods ol 
Removing them. Composition and Properties of the Saponifiable (his 
and Fats in General. Composition and Properties of the Iiulividual 
Oils and Fats of Commercial Importance The Natural Waxes, their 
Composition and Properties. Analytical Methods. Industrial Applica- 
tions of Fats and Oils. Burning Oils. Edible Oils and Margarines. 
Polymerised, Boiled and Blown Oils. Turkey-Red Oils. Saponification 
of Fats and Oils on a Technical Scale. The Distillation of b'atly 
Acids. Oleines and Stearines. Candle Manufacture. Soap-Making, 
Glycerine. Conclusion : Scientific and Technical Research oii 
Problems in the Oil and Related Industries. literature, 



Manufacture and Industries— continued. 

I'hc Manufacture of Paper. 

By R. W. Sindall, F.C.S. lUusirated. Ex, Crown 8vo. 6/- net. 

C UN TKNTS -Preface. List of Illustrations. Historical Notice, Cellulose 
and Paper-Making Fibres. The Manufacture of Paper from Rags, 
JCsparto and Straw. Wood Pulp and Wood Pulp Papers. ^ Brown 
Papers and Boards. Special kinds of Paper. Chemicals used in Paper- 
making. The Process of “Beating.” The Dyeing and Colouring of 
Paper Pulp. Paper Mill Machinery. The Deterioration of Paper. 
Bibliography. Index. 

Mineral and Aerated Waters, and the 
Machinery for their Manufacture. 

By C* Answorth Mitchell, B.A. (Oxon,), F.LC, 

I llu sit'd ted. Demy 8vo. 8/(5 net. 

Glass Manufacture. 

By Walter Rosenhain, Superintendent of the Department 
of Metallurgy in the National Physical Laboratory. 

Illustrated, Ex. Crown Svo. 6/- net, 

(.loNTKNXS Preface. Physical and Chemical Properties of Glass. The 
Raw Materials of Glass Manufacture. Crucibles. Furnaces for the 
I'lision of Glass. The Process of Fusion, Processes used in the 
Working of Glass. Bottle Glass. Blown and Pressed Glass. Rolled 
. or 1‘lato Glass. Sheet and Crown Glass. Coloured Glass. Optical 

^ Glass. Miscellaneous Products. Appendix. ^ 

Decorative Glass Processes. 

By Arthur Louis Duthie. Illustrated. Ex. Crown 8va. 61- net. 

Commercial Paints and Painting. A Handbook 
ior Architects, Engineers, Property Owners, 
Painters and Decorators, etc. 
r.v Arthur Seymour Jennings. 

1 \ii I'difes. e\'j lllustidtions. Extra Crown Svo. Gj-net. 

I'lic Manufacture of Leather. 

By Hugh Garner Bennett, M.Sc., F.C.S., Member of the 
i iili'nititional Association of Leather Tirade Chemists. 
ncuiySvo. lllmtrutcd. lOj- net. 

Cotton Seed Products. 

A Manual or the Treatment of Cotton Seed for its 

,1‘ROnUCTS AND THEIR UTILIZATION IN THE ArTS. 

By Leebert Lloyd Lamborn, Member of the Amencari 
Chemical Society; Member of the Society of Chemical 

Industry. With jg Illustrations and a Map. Demy Svo. I2j6 net. 



Manufacture and Industries—mitimud. 


Linseed Oil and other Seed Oils. 

An Industrial Manual by William D. Ennis, M.E,, 
M.Am.Soc.M.E., Professor of Mechanical Engineering^ 
Polytechnic Institute of Brooklyn. Medium 8vo. niustyated. 
r6/- net. 

Textiles and their Manufacture. 


By Aldred F. Barker, M.Sc, Illustrated, Ex, Crown 8vo, 6/- net. 


Materials used in Sizing. 

By W. F. a. Ermen. sh 

Contents The Starches and other Agglutinants. Weighting Materials. 
Softening Ingredients. Antiseptics. Analysis of Sized Warps and 
Cloth, The Preparation of Normal Volumetric Solutions. Tables. 

Solvents, Oils, Gums, Waxes, and Allied 

Substances. By F. S. Hyde, Ph.B. Demy .S/o net. 

Glues and Gelatine. 

A Practical Treatise on the Methods of Testing 
AND Use. By R. Living^ston Fernbacli. 

Illmhaied, Demy Bvo. io/6 net, 

Agglutinants and Adhesives of all Kinds> 

for all Purposes. By H. C. standage. iJmy Hvo. 

6 /- net. 

Cork : Its Origin and Industrial Uses. 

By Gilbert E. Stecher. Croivn Svo. ^i/d net. 


()i 


The Chemistry of Dyeing and Bleaching 
Vegetable Fibrous Material. 

By Julius Hiibner, M.Sc.Tech., F.I.C. (.s<v p. .) j ) 

The Chemistry and Technology of Printing 

Inks. By Norman Underwood :ind Thomas V. Sullivan. 

Medium 8w. 12/6 net. 


The Chemistry of the Rubber Industry. 

By Harold E. Potts, M.Sc. 5/- net. t^See p. 

India-Rubber and its Manufacture, with 
Chapters on Gutta-Percha and Balata. 

By H. L. Terry, F.I.C,, A.I.M.M, 



Manufacture and Industries—conUmied. 

J he Nitrocellulose Industry. 

By lEdward Chauncey Warden, Ph.C., M.A., F.C.S. « 

zvols. ^ 3 l- net. (See p. 46.) 

Materials for Permanent Painting. 

By M. Toch, F.C.S. Frontispiece in Colour and other illustrations. 
Crown 8vo, 7/6 net. 

A manual for manufacturers, art dealers, artists and collectors explaining 
tne composition of the materials used in painting. 

1 he Basic Open-Hearth Steel Process. 

Jiv Carl Dichmann. 17.) 

Wood Pulp. By Charles F. Cross, B.Sc,, F.I.C. ; E. J. 

Sevan, F.I.C., and R. W, Sindall, F.C.S. Jllnsirnted. 6/- 7ieie 
(‘ONTitN'TK, — The Structural Elements of Wood. Cellulose as a Chemical. 
Sources of Supply. Mechanical Wood Pulp. Chemical Wood Pulp. 
The Bleaching of Wood Pulp. News and I-’rintings. Wood Pulp 
Boards. Utilisation of Wood Waste. Testing of Wood Pulp for 
Moisture. Wood Pulp and the Textile Industries. Bibliography. Index. 

History of the Frozen Meat Trade. 

By j. C. Critchell and J. Raymond. 

Illusiratcd. Demy 82/0. 10/6 net. 

Arts and Crafts 

Simple [ewellery. 

A Practical ITa.ndbook with Certain Elementary 
Methods of Design and Construction, wRrn'EN for 
THE Use of Craftsmen, Designers, Students and 
rjiACHERS. By R. LI. B. Rathbone. 

lix. Crown Buo. 94 Illusiraiions. Second Impression. 6/*- 7tet. 

The Potter’s Craft, a practical Guide for the Studio 
AND Workshop, By Charles P. Binns, late Superintendent 
Hoyal Porcelain Works, Worcester, with 42 lllustratiotis. 
Cro wn Bwo. 0 /- 7iet, 

Precious Stones, 

1 !y W. Goodchild, M.B., B.Ch. With 42 Illustrations. 

With a Chapter on Artificial Stones. By Robert 
Dykes. Illnstvated. Ex. Croxm Svo. 6j- 7iet. 

lUiamclling. On the Theory and Practice of Edition. 
Art Enamelling upon Metals. By Henry Cunyng:' 

haine, M.A., C.B. Two Coloured Plates and 20 Ilhistratmis. 

/'Ivment fi/in ClL n/*/ 



Useful Handbooks and Tables. 


Useful Handbooks and Tables 

The Practical Mechanic’s Handbook. 

By F. E. Smith. (Seep. 47-) 

Materials used in Sizing. 

By W. F. a. Ermen. (.See p. 50.) 

Reference Book for Statical Calculations. 


By Francis Ruff. 

Crown 8 vo. 160 Illustrations. Charts and Diagrams, 4/- net. 

Handbook for the Care and Operation of 

Naval Machinery. By Lieut. H. C. Dinger, U.S. Navy. 

Cloth. 302 Pages. 124 Illustrations. Pocket size, Price 7/G net. 

Pricing of Quantities. 

Showing a Practical System of preparing an Estimate 
FROM Bills of Quantities. By Georg’e Stephenson, 
Author of “ Repairs,” “ Quantities,” etc. 

Demy ^vo. 3/6 net. 

The Law affecting Engineers. > 

By W. Valentine Ball, M.A, (Cantab.), Barrisler-at-Law, 
Joint Editor of “ Emden’s Building Contracts.” 

Demy Svo. 10/6 net. 

A concise statement of the powers and duties of an engiiuMn*, as 
between employer and contractor, as arbitrator and as (!X[)(5rL wiim'ss, 
together with an outline of the law relating to engineering contract!:, and 
an appendix of forms of contract, with explanatory notes. 

Tables of Multiplication, Division and Pro- 
portion : For the Ready Calculation of Ouaiitities 
and Costs, Estimates, Weights and Strengths, Wages 
and Wage Premiums. 

By Prof. R. H. Smith, A.M.In-st.C.E., M.I.E.E., eU-. ./(, «,/. 


Lettering. 

For Draughtsmen, Engineers 

By C. W. Reinhardt, ^^j-net. 


()(h lull (ion ^ 
Uevised and PnliUjicd, 
AND SrUDIiNTS. 


The New Steam Tables. Calculated from Professor 


Callendar’s Researches^ 

By Professor C. A. M. Smith, M.Sc., and A. (i. Warren, 



Natural History, Botany, Nature Study, etc. 


Natural History, Botany, Nature 
Study, etc. 

Extinct Animals. 

By Sir E. Ray Lankester, F,R,S. 

With a Portrait of the Author mtd 218 other lUiisiraitons. New and Revised 
Udition. Rx, Crown 8vo, 3/6 net. 

Economic Zoology and Entomology. 

By Vernon L, Kellog^g and C. W. Doane. 

Crown 8vo, 616 net. 

'I’lic author.s are well known as clear and precise exponents of their .subject. 

In this iext"l)ook they have produced an introduction both to general zoology 
as well as to that specific phase of it called ‘‘ economic.” 

The first chapler.s introduce the reader to general facts of animal structure 
and life and are arranged on the ba.sis of accepted pedagogic principles. The 
latter (diapCers, arranged on a ba.sis of animal classification proceeding from 
till* samples to the nine highly developed groups, include not only general 
fads pertaining to the groups treated, but introduce and give general attention 
to the economic relations of the various members of the groups. Finally, there 
is presented a form of encyclopedic treatment of a wide range of facts wholly 
c'conomic in aspect. 

vi'he Stone Age in North America. 

By Warren K. Moorhead. 

Jn 2 ]'olumes. goo pages. With about 700 Illustrations., including 6 in Colour, 
12 in Photogravure and Several Maps. Crown 4/0. 31s. 6d. net. 

An archa'ological encyclopaedia of the implements, ornaments, weapons, 
n tonsils, etc., of the prehistoric tribes of North America. The work is 
the result of twenty years’ exploration and study. 

Distribution and Origin of Life in America. 

Hv R. P. Scharff, B.Sc., Ph.D., F.L.S. 

Jl/ushated. Large Crown 8vo. 10/6 

European Animals : Their Geological History and 

their ( icographical Distribution. 

P>Y R. F. Scharff, B.Sc., Ph.D., F.L.S. 

Illustrated. Demy Svo. 7/6 net. 

The Plant : A Description and Interpretation of 

its iHinctions and Structure, 
la' William F. (janong", Ph,D. lllusiratcd. 465 + xii pages, 

'The Nature Student’s Note Book. 

% 

By Rev. Canon Steward, M.A., and Alice E. Mitchell. 

Containing Nature Notes, Diary, Classification of P]ants, Trees, Animals 



Natural History, Botany, Nature Study, 

etc* — continued. 


Life Histories of Northern Animals. An 

Account of the Mammals of Manitoba. 

By Ernest Thompson Seton, Naturalist to the Govern- 
ment of Manitoba. 

In two volumes. Large 2 >vo, Over 600 pages each. With yo Maps and 600 
Drawings by the Author, 73/6 net. 

Influences of Geographic Environment. 

By E, C. Semple, Author of “American History and its 
Geographic Conditions/* 

Med. Svo. 700 pages, 18/- net. 

Outlines of Evolutionary Biology. 

By Arthur Dendy, D.Sc., F.R.S., Professor of Zoology 
in the University of London (King’s College) ; Zoological 
Secretary of the Linnean Society of London ; Honorary 
Member of the New Zealand Institute ; formerly Professor 
of Biology in the Canterbury College (University of New 
Zealand), and Professor of Zoology in the South African,, 
College, Cape Town. Second Edition, enlarged. Third Impression, 
with a Glossary. Illustrated. 12/6 net, . 

Contents The Structure and Functions of Organisms. The Cull 
Theory. The Evolution of Sex. Variation and Herodity, The 'fheorv 
and Evidence of Organic Evolution. Adaptation. Lac tors of Organic 
Evolution. Glossary of Technical Terms. 

Plant Physiology and Ecology. 

By Frederic Edward Clements, Ph.D., Prolessor of Ho tuny 
in the University of Minnesota. With 125 Illustrations. 

Demy 8vo. 8/6 net. 

Indian Trees. 

An Account of Trees, Shrubs, Woody Climbers, 
Bamboos and Palms, Indigenous or Commonly Cul- 
tivated IN THE British Indian Empire. 

By Sir Dietrich Brandis, KX.I.E., Ph.D. (Bonn), LL.D. 
(Edin.), F.R.S., RL.S., F.R.Q.S., and Hon. Member of 
the Royal Scottish Arboricultural Society, of the Society 
of American Foresters, and of the Pharmaceutical Society 
of Great Britain. Assisted by Indian Foresters. 

Illustrated. Demy 8 vo. 16/- fiet. Third Impression. 



Agricukuft and Panning 

Agriculture and Farming 

J lie Potato : A Compilation of Information from every 
available Source. 

Hy Eugene H. Grubb and W. S, Guilford. 

Illustrated. Demy Svo. 8/6 net. 

Poultry Management on a Farm : An Account of 

T'hree Years’ Work, with practical Results and 

Balance Sheets. By Walter Palmer. 

Illustrated. Demy i/- net. 

Dairy Laboratory Guide. 

Bv C. W. Melick, B.S.A., M.S. Crown 8 vo, zviih 52 Illustrations. 
5/- net. 

Wool Growing and the Tariff. 

A Study in the Economic History of the United States. 

By Chester Whitney Wright, Ph.D. Demy Svo. 8/6 net. 

.Soils and Manures. By j. Alan Murray, B.Sc. 

Illustrated. Hxtra Cv, 8 vo. 6/- net. 

Contents.— Preface. Introductory, The Origin of Soils. Physical 
Proporties of Soils. Chemistry of Soils. Biology of Soils. Fertility. 
Principles of Manuring. Phospliatic Manures. Pliospho-Nitrogenous 
Manures. Nitrogenous Manures. Potash Manures. Compound 
and Miscellaneous Manures. General Manures. Farmyard Manure. 
Valuation of Manures. Composition and Manurial Value of Various 
I'arm h'oods. Index. 

Sods: How to Handle and Improve Them. 

By S. W. Fletcher. 

Uptviirds of 100 Illustrations. Demy 8t/o. 8/6 net. 

dV) Work a Grass Holding at a Living Profit, 
and the Cheap Cottage Problem. 

I^y H. B. M. Buchanan, B.A. Crotvn 8 vo, ij- net. 

The First Book of Farming. 

By Charles L. Goodrich. With 85 Illustrations. Crown Suo. 4/6 net. 

Farm Management. 

By F. W. Card, Professor of Agriculture. 

G6 Full^page Illustrations and numerous useful Tables and Returns. Demy Svo. 
8/6 net. 



Agriculture and Farming— continued. 

Farm Animals : How to Breed, Feed, Care for and 

Use Them. By E. V. Willcox, Ph.D., M.A., U.S.A. 

Department of Agriculture, 

With over 6o full-page lUnstraHohs. Demy Svo. 8/6 net. 


Law, Patents, etc. 

Building in London. 

By Horace Cubitt, A.R.I.B.A., etc. 

Illustrated^ with diagrams. Royal Bvo. 31/6 net, 

A Treatise on the Law and Practice affecting the ICrection ami Main- 
tenance of Buildings in the Metropolis, with Special Cliai)iiirs dttaling 
respectively with the Cost of Building Work in ami arouml Lomhm by 
H. J. Leaning, F.S.I., and the Valuation and Mauagtjmoni of Lomlon 
Property by Sydney A. Smith, F.S.I. ; also the Statutes, Hye-laws and 
Regulations applying in London ; cross-references throughout, 

Industrial Accidents and their Compensation. 

By Q. L. Campbell, B.S. Crown Bvo. 4/- vet. 

The Law affecting Engineers. 

By W. Valentine Ball, M.A. (Cantab.), Barrisier-at-Law, 
Joint Editor of “ Eniden’s Building Contracts.” 

Demy Bvo. 10/6 net. 

Foreign and Colonial Patent Laws. 

By W. Cranston Fairweather, Chartered Patent Agtutl. 

Demy Svo. 10/6 net. 

This is a compendium of Patent practice in every Hritisli po-.-.oiir.ion 
and in every foreign country which appears on the imip. Tlio inlonn.i 
tion given is in large part obtained Lorn ollicial soiirnis, ami is prciKMitcd 
in a series of articles— one for each State revised so Caras is tH*ssil)l(! 
by agents practising in the States in question. 

Patents, Designs and Trade Marks : Tho Luw 

and Commercial Usage. 

By Kenneth R. Swan, B.A. (Oxon.), of the Inner 'riHuple, 
Barrister-at'Law. 

Ex. Crown Bvo. 6/- 7 iet. 

Inventions and Patents in America. 

By Philip E. Edelman. J)i'my Bvo. 



Law, Patents, etc. — continued. 


The Arbitration Clause in Engineering and 
Building Contracts. 

By E. J. Rimmer (Barrister»at«-Law), M.Inst*C*E., 
etc. Crown 8i»o. 2 /- net, 


Miscellaneous 

Primer of Scientific Management. 

By F. B. Qilbreth, M.Am.Soc.M.E., with an Introduction 
by Louis D. Brandeis. 4 /- net. 

Commercial Paints and Painting : A handbook 
tor Architects^ EngineerSj Property Owners, Painters 
and Decorators. 

By Arthur Seymour Jenning^s, 

P'ellow of the Institute of British Decorators, etc, 

7,2.\ -\- xii padres, Illustrations. Extra Crown Svo. 61- net. 

Soft Soldering, Hard Soldering, and Brazing : 

A practical treatise on tools, materials, and operations, 
, for the use of Metal Workers, Plumbers, Tinners, 

Mechanics and Manufacturers. 

By James F. Hobart, M.E. 

•.’o i paf^t'S. f)2 Illustraiions. 4/- net. 

Motion Study : 

A Method por Increasing the Efficiency of the Work- 
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